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Page  1. 

ELECTRICAL  EQUIPMENT  OF  ELECTRICAL  STATIONS  AND  SUBSTATIONS.  In  two 
volumes. 

First  volume. 

L.  N.  Baptidanov  and  V.  I.  Tarasov. 
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Page  4. 

Fundamental  electrical  equipment  of  electrical  stations  and 
substations  publication  the  third,  reworked. 

It  is  allowed  by  the  administration  of  the  secondary  special 
educational  institutions  of  the  Hinistry  of  Higher  education  of  the 
USSR  as  textbook  for  energy  tecnnical  schools. 

Page  5  No  Typing. 

Page  6. 

The  description  of  many  parts  of  electrical  equipment  is  omitted  on 
the  assumption  that  with  them  the  students  will  become  acquainted  in 
practical  training. 

In  textbook  is  illuminated  mainly  new  electrical  equipment  of 
domestic  manufacture.  In  the  part  of  the  diagrams  of  electrical 
connections,  constructions/designs  of  distributors  and  other 
questions  in  textbook  are  set  forth  predominantly  those  solutions, 
which  obtained  use/application  in  the  Soviet  Union  or  have  the 
prospects  for  further  putting  into  practice.  Is  given  attention  to 


DOC  =  79134801  PAGE  || 

the  contemporary  tendencies  in  a  matter  of  installation  and  equipment 
of  electrics  of  the  stations  and  substations  in  accordance  with  the 
technical  policy  of  the  directive  organizations  of  the  Soviet  Union 
in  this  question. 

In  appendices  are  given  the  characteristics  of  fundamental 
electrical  equipment  of  domestic  manufacture  which  can  be  used  for 
exercises  and  during  training  design. 

The  material  of  present  textbook,  necessary  for  studying 
separate  specialties,  is  determined  by  the  program  of  the  course  of 
the  corresponding  specialty.  The  structure  of  textbook  accepted  makes 
it  possible  to  easily  isolate  tnis  material. 

The  authors  hope  that,  as  in  the  preceding/previous 
publications,  the  book  will  find  use  also  as  textbook  for  the 
students  of  the  electrical  specialties  of  the  technical  institutes 
where  the  course  "electrical  equipment  of  electrical  stations  and 
substations"  is  not  profiling. 

In  the  first  volume  are  presented  the  general  information  about 
electrical  stations,  substations  and  systems  and  is  in  detail 
examined  their  fundamental  electrical  equipment  (see  further  the 


content  of  volume)  . 
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The  secondly  that  are  referred  the  diagrams  of  the  electrical 
connections,  their  own  of  need  and  construction/design  of  the 
distributors  of  electrical  stations  and  substations,  base  of  relaying 
and  system  automation  and  some  other  questions. 

The  preceding/previous  publications  of  textbook  is  obtained  each 
many  critical  observations  and  wishes  from  students  and  teachers  of 
different  educational  institutions,  and  also  from  the 
technical-engineering  workers  of  power  systems  and  planning 
organizations.  All  these  observations  and  wishes  of  the  readers  the 
authors  accepted  with  appreciation  and,  as  far  as  possible,  they 
considered  during  the  t r eatment/processi ng  of  textbook.  The  authors 
hope  also  for  further  creative  friendship  with  their  readers,  and  all 
observations  about  the  content  of  textbook  and  the  procedure  of  the 
presentation  of  separate  questions  will  accept  with  appreciation. 

These  wishes  and  observations  we  request  to  guide  aiming  at 
Gosenergoizdat :  Moscow,  Zh-144,  Shlyuzovaya  quay,  10. 

In  conclusion  the  authors  express  heart  appreciation  to  all 
institutions  and  people,  politely  making  available  to  them  a  number 
of  valuable  materials. 
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In  the  first  volume  by  V.  I.  Tarasov  they  are  written  $22-7  and 
to  chapter  23.  Fntire  other  is  written  by  L.  N.  Baptidanov. 

Authors. 

Pages  7-8.  No  Typing. 
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Chapter  Ore. 


ELECTRIFICATION  OF  THE  USSR. 


1-1. 
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Electro-anerget ics  of  pre-revolutionary  Russia. 

The  wide  and  diverse  use/appiication  of  electric  power  in  all 
s  of  national  economy  and  mode  of  life  is  explained  by  the 
s/row  of  its  very  essential  advantages  in  comparison  with  other 
of  the  energy:  possibility  of  economical  transmission  to 
derable  distances,  simplicity  of  conversion  into  other  forms  of 
y  (thermal,  mechanical,  light,  chemical,  etc.),  simplicity  of 
ibution  between  any  number  of  users  of  any  power,  etc. 
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u“  has  th=>  capability  of  use  for  the  production  of 
r  of  the  local  fuels/propellants  (brown  coal,  peat, 
,  which  contain  a  large  quantity  of  moisture  and 
substances  and  wnich  possess  small  calorific  value 
rt  up  to  considerable  distances  is  economically 
nd  also  energy  of  rivers  for  installing  the 
power  plants,  wmcn  develop  cheap  electric  power. 
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It  is  difficult  to  visualize  the  life  of  contemporary  society 
without  electric  power,  tne  society  whose  economic  and  cultural 
development  in  many  respects  is  caused  by  the  precisely  wide 
application  of  electric  power. 

Russian  scientists  and  engineers  greatly  much  made  both  in  the 
region  of  developing  theoretical  guestions  of  electrical  engineering 
and  in  the  region  of  the  practical  use/application  of  electricity  in 
industry  and  for  illumination. 

The  discovery/opening  electric  arc  by  V.  V.  Petrov  (1802), 
invention  by  P.  N.  Yablcchnov  electrical  arc  candle  (1876)  and  by  A. 
N,  Lodygin  incandescent  lamps  (1d7J-1874)  initiated  to  the 
use/application  of  electricity  tor  purposes  of  illumination. 

Creation  by  acad.  a.  s.  Jacooi  and  the  first  in  practice 
applicable  electric  motor  with  rotary  motion  (1834-1837),  invention 
by  them  ga lva nopla st ic s  (1838),  invention  by  N.  N.  Benardos  the 
electric  welding  of  metals  (1882)  placed  the  basis  of  the  industrial 
use  of  electric  power. 

The  work  of  the  academicians  E.  Kh.  Lentz  and  B.  S.  Jacobi  into 
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field  of  the  theory  of  electrical  Machines,  establishment  by  E.  Kh. 
Lentz  the  reciprocity  principle  of  electrical  Machines  (1833-1838), 
development  by  Yablochkow,  Poleshko,  Chikolov,  Lachinov,  etc.  of  the 
original  constructions/designs  of  the  electrical  Machines  of  direct 
and  alternating  current  initiated  to  the  creation  of  the  electrical 
Machines,  suitable  for  industrial  operation. 

In  Russia  were  carried  out  also  the  first  experiaents  of 
electric  transmission  up  to  distance  (P.  A.  Pirotskiy,  1874-1876)  and 
are  for  the  first  time  developed  the  theoretical  bases  of  electric 
transmission  up  to  great  distances  (n.  A.  Lachinov,  1880) . 

Thus,  to  the  middle  of  the  80's  were  created  all  technical 
capabilities  for  transition/ junction  to  the  centralized  power  supply. 
Begins  the  installation  of  the  power  plants,  which  obtained  at  that 
time  the  name  of  the  power  houses. 

The  first  power  houses  of  direct  curient  with  a  power  of  into 
several  ten,  but  later  several  hundred  kilowatts  were  constructed  in 
the  80th  and  in  the  beginning  of  the  90's  in  Moscow,  Petersburg, 
tsarist  village  (now  g.  Pushkin)  and  in  the  series/row  of  other 
cities.  These  power  plants  oareiy  had  power  load,  and  only  since  1892 
when  they  w^rp  started  electrical  trolley  in  Kiev  (first  trolley  in 
Russia),  appears  certain  power  load  in  the  stations  of  direct 
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The  small  voltage  of  the  stations  of  direct  current  (110-2 20c) 
limited  a  radius  of  their  action,  and  thereby  also  their  power. 
Different  attempts  at  the  increase  in  the  radius  of  action  of  the 
stations  of  direct  current  by  increasing  the  voltage  of  the 
generator,  series  connection  of  generators,  use/application  of 
storage  batteries  in  the  places  of  the  consumption  of  electric  power, 
etc.  proved  to  be  little  economical  and  very  complicated  and 
therefore  propagation  did  not  obtain. 

Page  10. 


The  power  plants  of  single-phase  alternating  current  for  the 
first  time  arose  in  connection  with  the  use/application  of  candles  of 
Yablochkov.  However,  initially  alternating  current  did  not  obtain  any 
considerable  use/a ppl ication,  since  it  was  insufficiently  studied. 
Moreover,  in  those  year  yet  were  not  designed  suitable  for  practical 
purposes  alternating-current  motors. 

Tendency  toward  of  the  increasing  centralization  of  power  supply 
and  the  economic  difficulty  of  achieving  this  or  direct  current  again 
forced  to  turn  to  alternating  current.  The  invention  of  power 
transformer  (P.  N.  Yablocukov,  167b)  offered  the  possibility  of 
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applying  alternating  high-tension  current  and  considerable  increase 
in  the  radius  of  action  of  power  stations. 

The  first  power  houses  of  single-phase  alternating  current  by 
voltage  2-2.4  kv  were  constructed  in  Odessa  (1887),  tsarist  village 
(1890),  Petersburg  (1894)  and  series/row  of  other  cities. 

By  critical  moment/torque  in  the  development  of  power  supply 
generally  and  power  plants  was  in  particular  creation  during  the 
years  1888-1889  outstanding  Bussian  engineer  H.  0.  Dolivo-Dobrov 
the  system  of  three-phase  alternating  current.  With  it  were  for  the 
first  time  created  three-phase  alternators,  t’ ree-phase  transformers 
and,  which  is  ^specially  important,  three-phase  asynchronous  electric 
motors  with  th=>  short-circuited  and  phase-wound  rotor.  The  excellent 
qualities  of  asynchronous  electric  motors  offered  the  possibility  of 
their  widest  tise/appl ication  into  industry,  possibility  of  the 
conversion  of  industry  on  the  new,  more  advanced  energy  base. 
Three-phase  current  proved  to  be  technically  and  economically  more 
advisable  for  the  realization  of  remote  electric  power  lines. 

In  1891  8.  o.  Dolivo-Dobrov  constructed  the  first  three-phase 
electric  power  line  by  voltage  15  kV  and  length  of  170  km  from 
Laupheim  to  Frankfurt-on-Main,  which  demonstrated  the  indisputable 
advantages  of  the  three-phase  current  for  transmission  to  great 
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distances  with  high  voltage.  Line  was  supplied  from  generator  in 
power  230  kVA  by  voltage  95  c  tarough  the  step-up  transformer. 

The  advantages  of  three-phase  current  proved  to  be  such 
considerable  that  already  with  the  second  half  the  90's  was  begun  the 
wide  construction  of  the  power  plants  of  three-phase  current  and  the 
gradual  displacement  by  them  of  the  stations  of  single-phase  and 
direct  current.  For  a  direct  current  remained  the  comparatively 
limited  field  of  application  -  different  electrochemical  processes 
(electrolysis,  gal vanoplastics,  etc.)  and  electrification  of  rail 
transport.  In  this  case  direct  current,  as  a  rule,  they  began  to 
obtain  not  from  the  special  stations  of  direct  current,  but  by  the 
transformation  of  three-phase  current  into  constant  with  the  aid  of 
dynamotors  and  single-armature  converters. 

Russia's  first  power  plant  of  three-phase  current  in  power  1200 
kVA  was  constructed  by  eng.  A.  N.  Shchensnovich  in  1893  in 
Novorossisk.  Station  was  intended  for  the  electrification  of 
elevator. 

In  1896  v.  N.  Chikolev  and  B.  E.  Klasson  realized  an 
electrification  of  the  okhten  powder  plant  in  Petersburg  from 
hydroelectric  power  plant  on  r.  Okht,  on  which  were 
established/installed  twc  generators  in  total  power  295  kB  with 
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voltage  2050  in.  This  was  aussia's  first  power  plant  of  three-phase 
high-tension  current. 

The  fundamental  builder  of  Okhten  installation,  the  outstanding 
Russian  engineer  £(.  E.  Klasson  not  only  created  the  new  type  of  the 
power  plant,  which  was  subseguently  sample/specimen  during  the 
installation  of  the  stations  of  three-phase  current,  but  also  for  the 
first  time  in  the  world  was  carried  out  the  composite  power  supply  of 
plant  on  the  base  of  the  new  technique  of  three-phase  current. 

In  1897  on  Lenskiy  gold  mines  was  constructed  the  electric  power 
line  of  three-phase  current  by  voltage  10  kV. 

From  this  time  in  Uussia  was  begun  the  development  of  the 
electrical  devices  of  three-phase  current,  the  widespread 
introduction  of  electric  motors  into  industry  and  its  reconstruction 
on  the  basis  of  electrification. 

In  Moscow  in  1897  was  started  the  new  power  house  of  the 
three-phase  current  of  "Society  1886"  (now  1st  HGES)  in  power  3300  k* 
with  voltage  generators  2.1  kV,  that  supplied  by  electric  power  of 
users  in  a  radius  to  5  km.  The  builder  of  this  station  was  also  R.  E. 
Klasson,  who  continued  the  initiated  by  it  on  Okhten  installation 
introduction  of  new  technical  principles  into  electrical  engineering. 
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Page  11. 


Petersburg's  first  station  of  three-phase  current  (now  1st  LGES) 
in  power  5000  kw  with  generator  voltage  2  kv  was  started  in  1898. 

The  power  plants  of  taree-phase  current  were  constructed  also  in 
Kiev,  Riga,  Kharkov  and  series/row  of  other  cities. 

By  important  stage  in  the  development  of  power  supply 
three-phase  current  was  installation  during  the  years  1900-1902  R.  E. 
Klasson  with  the  participation  of  L.  B.  Krasin  in  Baku  of  two 
large/coarse  for  those  tines  power  plants  (now  "Red  Star"  and  in.  L. 
B.  Krasin) ,  which  worked  on  the  general/common/total  electric  systen 
by  voltage  20  kV,  from  which  was  realized  the  power  supply  of 
petroleum  trades.  Later  tnan  the  electric  systen  by  voltage  20  k? 
they  were  installed  in  Donbass  and  Bryansk. 

Characteristic  for  the  development  of  thernal  power  plants  in 
the  first  decade  of  XX  century  was  all  increasing  use/application  by 
then  of  steam  turbines,  possessing  the  series/row  of  essential 
advantages  in  comparison  with  stean  engines  (is  nore  econonical,  nore 
reliable,  more  the  rotational  speed,  are  less  overall  sizes,  are 
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simpler  drift./care,  etc.),  and  in  connection  with  this  a  rapid 
increase  in  the  power  cf  separate  power  plants. 

Since  powerful  thermal  power  plants  require  for  their  work  of  a 
large  quantity  of  water  and  supply  of  a  large  quantity  of 
fuel/propellant,  then  during  this  period  powerful /thick  stations 
begin  to  install  out  of  the  territory  of  cities  -  in  their  outskirts 
or  near  major  enterprises. 

Subsequently  the  successful  development  of  the  electrical 
industry,  especially  in  the  region  of  electrical  equipment  of  high 
voltages,  revealed  the  possibility  of  transition/junction  to  the  new 
system  of  power  supply  from  the  powerful/thick  district  thermal  power 
plants,  planned  near  the  places  of  the  deposits  of  fuel/propellant, 
and  also  from  powerf ul/thick  hydroelec*- r ic  power  plants,  with  the 
transmission  of  manufactured  by  them  electric  power  to  users  along 
the  electric  power  lines  of  high  voltage. 

During  the  years  1912-1914  B.  E.  Klasson  was  constructed 
district  power  plant  in  power  15^000  kw  in  70  km  from  Noscow,  obtained 
name  "power  transmission"  (now  GBES  f  rP3C  -  state  regional  electric 
power  plant]  the  name  of  Klasson).  From  this  station  electric  power 
was  transmitted  to  Moscow  along  tne  transmission  line  by  voltage  70 
kV.  This  was  first  in  the  world  local  exchange  on  peat.  However,  the 
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construction  of  district  power  plants  was  swept  in  our  country  only 
after  the  great  October  Socialist  fievolution. 

After  feeding/conducting  the  totals  of  the  development  of 
el ectro-energet ics  in  pre-revolutionary  Russia,  it  is  necessary  to 
note  that,  in  spite  of  the  enormous  contribution  of  the  Russian 
scientists  and  engineers  to  a  matter  of  development  the 
electro-energe* icists,  the  general/common/total  level  of  the  electric 
power  economy  of  Russia  it  was  very  low.  So,  the  installed  power  of 
all  power  plants  of  Russia  in  1913  composed  only  of  approximately 
1100  MW  in  the  production  of  the  electric  power  of  approximately  2 
billion  kw«h,  or  about  14  kM*h  to  man  per  annum.  On  the  output  level 
of  electric  power  Russia  occupied  the  15th  place  in  the  world. 

Powerful/thick  hydroelectric  power  plants  in  Russia  it  was  not 
at  all;  the  total  power  of  smail/fine  hydroelectric  power  plants  was 
only  16  MW  with  annual  output  approximately  40  min.  kW*h. 

All  thermal  power  plants  were  urban  either  industrial  and  worked 
at  oil  or  high-energy  lcng-range  stone  angle  -  donets  and  even 
imported. 

The  only  power  plant,  which  had  district  value  and  which  worked 


on  local  fuel /propel lant  -  peat,  was  power  plant  indicated  above 
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"Elek trope redacha”. 

The  power  of  the  majority  of  thermal  power  plants  was  saall  - 
hundreds  of  kilowatts.  Only  several  thermal  power  plants  available 
capacity  on  30-40  .  Tne  maximum  power  of  steam  turbine  units  was  10 

MW,  boiler  steam  capacity  did  not  exceed  20-30  t/h  at  pressure  of 
vapor  to  12-16  atm(abs.)  and  temperature  of  its  overheating  to 
300-350°C. 

The  efficiency/cost-effectiveness  of  power  plants  was  low.  So, 
on  the  power  plants  of  the  general/common/total  use,  which  were  most 
large/coarse  and  relatively  more  economical  the  avarage/aean  specific 
consumption  of  cool  equivalent  1  it  composed 

approximately/exemplarily  1100  g/kW«h,  to  which  corresponded  heat 
rate  1 . 1 *7000=7700  kcal/k0*h  and  tne  average  efficiency  of  stations 
$60/7700)  100— 11  o/o. 

POOTNOTE  *,  As  cool  equivalent  they  accept  fuel/propellant  with 
enthalpy  7000  kcal/kg.  ENDFOOTNOTE . 

The  total  length  of  electric  power  lines  by  voltage  11-70  k? 


composed  only  of  a opro xi mately  105  km 
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The  fundamental  reasons  for  the  such  weak  energy  basis  of 
pre-revolutionary  Russia  were  its  industrial  backwardness  and  almost 
full/total/complete  absence  of  its  own  energy  industry. 

Page  12. 


1-2.  Electrification  of  the  USSR  during  the  years  1917-1958. 

The  economic  base  of  Communist  society  is  heavy  industry  - 
industry,  which  produces  the  means  of  production,  and  first  of  all 
machine-building,  metallurgical,  fuel,  energy,  etc. 

Indispensable  the  conditions  tor  the  development  of  heavy 
industry  and,  consequently,  also  other  branches  of  national  economy 
are  wide  mechanization  and  automation  of  production  processes, 
continuous  perfection  cf  instruments  and  means  of  labor,  permanent 
use/application  of  the  newest  technology,  which  gives  the  greatest 
savings  of  the  expenditures  of  puolic  work  and  every  possible  its 
facilitat.  ion. 

The  newest  technology  is  compulsorily  connected  with  electric 
power,  this  most  ideal  by  form  energy,  which  makes  it  possible  to 
very  simply  and  economically  realize  mechanization  of  labor. 
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Only  on  the  basis  of  the  use/application  of  electric  power  is 
possible  the  creation  of  contemporary  automatic  machines, 
large/coarse  flow  and  automated  productions,  hundreds  times  of  those 
increasing  labor  productivity  and  facilitating  the  work  of  nan. 

V.  I.  Lenin  repeatedly  emphasized  the  converting  role  of 
electric  power,  its  value  for  the  industrialization  of  the  country, 
for  the  construction  of  Communist  society.  In  1921  he  wrote:  "^he 
sole  material  base  of  socialism  can  be  the  large/coarse  machine 
industry,  capable  of  reorganizing  and  farming...  Appropriate  level  of 
the  newest  technology  and  capable  of  reorganizing  farming  large  scale 
industry  is  an  electrification  of  the  entire  country"  ». 

FOOTNOTE  t.  v.  I.  Lenin,  works,  publ.  the  4ths,  Vol.  32,  page  434, 
1952.  ENDFOOTNOTE. 

By  electrification  V.  I.  Lenin  understood  not  the  construction 
of  separate  power  plants  in  different  regions  of  the  country,  but  the 
planned  electrification  of  the  entire  country,  all  branches  of 
national  economy,  including  farming. 

Attaching  much  importance  to  electrification  of  the  country,  the 
Communist  Party  and  the  Soviet  government  approached  its  realization 
in  the  first  years  after  great  October  Socialist  revolution  as  early 
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as  the  year  of  civil  war  and  foreign  intervention.  During  the 
subsequent  years  was  swept  the  planned  electrification  of  the  entire 
country  whose  rates  of  the  five-year  period  in  five-year  period 
rapidly  grew. 

Within  the  time  of  civil  war  and  foreign  intervention 
(1913-1920),  the  power  system  management  of  the  country  arrived  into 
the  large  decline;  in  1921  the  electric  energy  generation  composed 
only  of  0.5  billion  kW«h. 

During  April  1918  ty  the  Council  of  Peoples*  Commissars  was 
accept  the  solution  about  the  expansion  of  Moscow  power  plant  "power 
transmission";  in  the  summer  of  1918  was  begun  the  construction  of 
Volkhov  hydroelectric  powar  plant,  in  the  fall  of  1918  -  a  Shatura 
district  power  plant  on  peat,  while  during  July  1919  -  a  Kashira 
district  power  plant  at  Moscow  angle. 

During  February  1920  on  the  proposition  of  V.  I.  Lenin  the 
session  of  VTsIK  [BU.HK-  All-russian  Central  Executive  Committee 
(1917-1936)  ]  made  a  decision  about  the  development  of  the  plan/layout 
of  Russia's  electrification,  was  formed  the  special  board  into 
composition  of  which  entered  the  outstanding  workers  of  the 
electrification  of  the  USSR:  G.  M .  Krzhi anovskiy,  M.  A.  Jhatelen,  G. 
0.  Graftio,  K.  A.  Krug,  I.  G.  Aleksandrov,  A.  V.  Winther,  R.  E. 
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Kl  4  33  CO,  V.  F.  Mitkevich  et  al.  under  V.  I.  Lenin's  manage me nt/manual 
the  board  developed  the  state  plan  of  electrification  of  Russia  - 
plan/layout  of  GOELRO  [T03/1P0,-  state  Commission  for  the 
Electrification  of  Russia]  which  on  20  December,  1920,  on  V.  1. 
Lenin's  proposition  was  affirmed  oy  VIII  by  the  All-Russian 
congress/descent  of  councils. 

In  his  report  at  VIII  the  All-Russian  congress/descent  of 
councils  V.  I.  Lenin  spoke:  ‘fjn  »y  view,  this  -  our  second  program  of 
party /batch. .  .  ^ommurisa  -  this  is  the  soviet  regime  plus  the 
electrification  of  the  entire  country" 

FOOTNOTE  2.  V.  I.  Lenin,  works,  publ.  the  4ths,  Vol.  31,  page 
482—4  84  ,  1952.  ENDFOOTNOTE. 

The  plan/layout  of  GOELRO  provided  for  an  increase  of  the  space 
of  industrial  production  in  the  country  approximately/exemplarily  2 
times  in  comparison  with  1913.  This  fundamental  increase  in  the 
industry,  medullary  of  entire  plan/layout,  was  the  planned  during 
10-15  years  installation  of  30  district  power  plants  in  different 
regions  of  the  country  with  a  total  power  of  1750  N H.  Electric  energy 
generation  it  was  assumed  to  nring  to  8.8  billion  kW«h  per  annum.  The 
plan/layout  of  GOELRO  planned  the  wide  use  of  local  low-calorie 
fue  1/propp ! la nt  (peat,  urowr.  coals,  etc.)  and  energy  of  rivers.  The 
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total  power  of  the  planned  hydroelectric  power  plants  nust  be  to  be 
640  MW,  including  Volkhov,  two  Svirsk,  Dneprovsk. 

The  plan/layout  of  G0EL80  installed  the  paths  of  the  basic 
socialist  retuning  of  the  entire  economy  of  the  country.  This  was  the 
first  national-economic  flan/layout  of  our  socialist  state. 

Page  13. 

The  first-borns  of  Soviet  electrification  they  were:  Kashira 
district  power  plant  at  Moscow  angle  (1922) ,  Shatura  district  power 
plant  on  peat  (1925),  Leningrad  district  of  electric  power  plant  "Bed 
October"  on  peat  (  19  22),  Volkhov  (1926)  and  Zeno- Avchal 'skaya  (1927), 
hydroelectric  power  plant  and  many  others. 

During  May  1922  was  put  into  operation  first  grade  in  the  USSR 
the  electric  power  line  by  voltage  110  kV  Kashira-Hoscow. 

The  plan/layout  of  GOELBO  was  carried  out  to  1  January,  1931, 
i.e.,  in  10  years.  The  by  this  tine  installed  power  of  all  power 
plants  achieved  2880  MW;  electric  energy  generation  for  the  year  1930 
was  8.4  billion  kW*h  Q-1J. 


In  the  year  of  the  realization  of  the  plan/layout  of  GOELRO 


DOC 


79134801 


PAGE 


primary  attention  was  directed  toward  the  installation  of 
powerful/thick  district  thermal  and  hydraulic  power  plants. 

Many  industrial  enterprises  require  for  their  technological 
process  of  a  large  quantity  of  thermal  energy  in  the  form  of  vapor  or 
hot  water  (chemical  plants,  textile  factories,  etc.).  Furthermore,  a 
large  quantity  of  thermal  energy  is  required  in  cities  and  in 
enterprises  for  purposes  of  heating.  With  the  power  supply  of  users 
from  district  power  plants  their  heat  supply  was  accomplished  from 
the  local  boiler  installations,  planned  with  enterprises  and  separate 
houses  and  worked,  as  a  rule,  on  imported  high-energy 
fuel/prop^llant.  In  connection  with  this  it  proved  to  be  economically 
more  advisable  to  pass  to  the  composite  centralized  supply  of  the 
users  of  thermal  and  electrical  from  the  heat  and  power  plants  (for 
greater  detail,  see  §  2-2.). 

The  beginning  of  district  heating  in  the  USSR  is  pertained  to 
the  year  1924,  when  was  flufffed  the  first  central  heating 
installation  on  one  of  the  Leningrad  power  plants.  In  1931  by  TsK  VKP 
(b)  was  carried  out  the  special  solution  about  every  possible 
development  of  district  heating.  From  this  time  the  powering  of  users 
in  the  Soviet  Union  rests  not  only  at  region  thermal  and  hydraulic 
stations,  but  also  on  heat  and  power  plants.  The  power  of  the  latter 
is  determined,  in  essence,  on  the  oasis  of  the  requirement  of  users 
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for  thermal  energy.  Fntire/ail  missing  electric  power  is  developed  on 
district  power  Diants. 

Since  the  transmission  of  thermal  energy  up  to  large  distances 
it  was  difficultly  make  as  a  result  of  the  large  heat  losses  in 
conduits/mani folds,  then  heat  and  power  plants  wer9  installed  in 
immediate  proximity  of  the  users  of  thermal  and  electrical  energy  - 
near  or  in  the  territory  of  cities  and  major  enterprises. 

very  rapidly  power  engineering  of  the  USSR  was  developed  in  the 
year  three  first  five-year  plans.  In  pre-war  1940  the  installed  power 
of  all  power  plants  of  the  USSR  achieved  11200  MW  with  the  annual 
output  of  electric  power  of  48.3  nillion  kw*h  [j-1  and  1-2]. 

Large  damage  to  Soviet  power  engineering  was  plotted/applied  in 
the  course  of  the  Great  Patriotic  War  when  in  south  and  west  of  the 
country  were  destroyed  61  large/coarse  power  plant  to  the  total  power 
of  5000  hw,  which  was  approximately  45o/o  of  entire  prewar  power  of 
power  plants  of  the  Soviet  Union.  Furthermore,  they  were  failing  to 
10  thousand  km  of  the  main-line  electric  power  lines  of  high  voltages 
and  a  very  large  number  cf  different  substations.  Simultaneously 
during  the  years  1942-1344  in  the  East  regions  of  the  country  were 
introduced  on  power  plants  of  approximately  3400  HW  of  new  power. 
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After  the  termination  of  war  the  power  system  management  was 
developed  with  the  intensive  rates,  and  as  long  ago  as  in  1946  g. 
according  to  installed  power  (12,300  MW)  and  annual  output  of  the 
electric  power  (48.6  billion  k«»h)  was  achieved/reached  level  of  1940 
to  1950  were  restored/reduced  all  power  plants,  destroyed  during  war. 

In  1958  all  power  plants  of  the  USSR  manufactured  about  233 
billion  kw«h,  or  more  than  1100  k. U *h  to  man  per  annua.  The  installed 
power  of  power  plants  toward  the  end  of  1958  was  about  53/000  MW.  Only 
in  latter/last  7  years  (1952-1958)  the 

consumption/production/generation  of  the  electric  power  increased 
more  than  2.2  times,  and  the  installed  power  of  stations  - 
approxima tely/exemplarily  2.4  tiaes. 

On  the  production  of  electric  power  of  the  USSR  occupies  the 
first  place  in  Europe  and  the  second  place  in  the  world  -  after  the 
USA  where  in  1957  were  manufactured  electric  power  cf  716  billion 
kw«h,  or  about  4250  kw»h  to  nan  per  annum.  The  installed  power  of  all 

power  plants  of  the  USA  in  1957  exceeded  140,000  MW. 

In  1958  in  the  industry  of  the  USSR  more  than  90o/o  machines 

(according  to  power)  were  given  in  notion  by  electricity.  On  the 
basis  of  electrification  widely  is  mechanized  not  only  entire  complex 
of  production  processes,  but  also  processes  of  auxiliary  ones  - 
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transport,  loadi ng- unloading,  repair,  etc.  Wore  than  two  thirds 
entire  aanufactured  by  fewer  plants  electric  power  are 
expended/consumed  in  industry. 

Page  14. 

In  the  technological  needs  of  industry  (electrochemistry, 
electrometallurgy,  etc.)  are  expended/consuwed  more  than  26o/o 
electric  power,  consumed  by  entire  industry. 

In  postwar  years  was  considerably  expanded  the  use/application 
of  electric  pow°r  for  everyday  and  public-service  needs.  Widely  was 
electrified  urban  transport,  from  year  to  year  was  expanded  the 
electrification  of  rail  transport  and  agriculture. 

Power  engineering  of  the  USSH  is  characterized  by  the  wide  use 
of  local  fuels/propellants  in  hydroelectric  energy.  So,  in  1955  it 
was  manufactured  electric  power: 

0n  hydroelectric  power  plants,.. 1 4o/o 

On  thermo-electric  powers  station..,86o/o 


of  them  on  the  power  plants,  using: 
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coa  l.j64o/o 

peat...  7o/o 

petroleum  f  uel/propellant,.?o/o 

gas...4o/o 

other  energy  re sourcas.„2o/o. 

on  thermal  steam-turbine  power  plants  in  the  same  1955  it  was 
manufactured  by  8O0/0  of  entire  electric  power.  In  all  at 
steam-turbine  and  hydraulic  stations  it  was  manufactured 
approximately/exemplarily  by  94o/o  of  electric  power.  In  the 
fraction/portion  of  power  plants  with  other  types  of  engines  it  was 
necessary  a  total  of  of  approximately  60/0  of  manufactured  electric 
power.  Hence  it  is  apparent  that  the  national  economy  of  the  USSR  in 
essence  is  electrified  from  the  steam-turbine  and  hydroelectric 
stations. 

In  1957  on  hydroelectric  power  plants  was  manufactured  somewhat 


more  than  39  billion  kw*h,  or  approximately/exemplarily  19o/o  of 
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entire  electric  power,  jhe  installed  power  of  the  hydroelectric  power 
plants  on  1  January,  1958,  was  approximately  10,000  MW  (~20o/o). 

In  the  year  of  the  Soviet  regime  in  our  country  are  constructed 
hundreds  of  po we rf  ul/t  hicic  power  plants  (f-3  ].  The  highest 

efficiency  of  district  steam-turbine  power  plant  in  1958  was  610  HB. 
The  highest  efficiency  of  the  found  in  operation  turbine  units  in 
1958  was  150  MW  at  vapor  pressure  170  atm(abs.)  and  temperature  of 
overheating  of  vapor  of  550°C.  In  1958  Soviet  plants  mastered  the 
production  of  the  turbine  units  with  a  power  of  200  HR.  The  first 
turbine  unit  of  this  power  will  be  put  into  use  in  1959.  Industry  is 
prepared  for  the  production  of  the  turbine  units  with  a  power  of 
220-300  MW  and  more. 

Considerable  development  in  tne  USSR  underwent  district  heating. 
On  the  combined  consuaption/production/generation  of  thermal  and 
electrical  energy  on  the  heat  and  power  plants  of  the  USSR  occupies 
the  first  place  in  the  world.  In  1958  the  centralized  heat  supply  was 
realized  in  more  than  230  cities  even  100  settlements.  The  total 
power  of  central  heating  turbines  on  Soviet  electric  power  plants  in 
1958  was  approximately  1^500  MB,  with  about  36o/o  of  total  power  of 
thermal  power  plants.  Hide  district  heating  of  industry  and  cities 
economizes  to  the  national  economy  many  million  sink  cool  equivalent 


per  annum. 
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The  construction  cf  hydroelectric  power  plants  underwent 
development  in  the  USSR  only  in  the  year  of  the  Soviet  regime.  Is 
constructed  many  hydroelectric  power  plants:  Volga  in.  V.  I.  Lenin 
with  a  power  of  2300  MW,  Gor*kiy  -  400  MW  and  Rybinsk  -  330  MW  in 
Volga,  Kama  -  504  MW  in  Kama,  Tsialyanskiy  -  166  MW  on  Don,  Dneprovsk 
-  648  MW  and  Kakhovka  -  312  MW  in  bniepr,  Mingechaurskiy  -  356  MW  on 
Kur,  Gyumushkiy  -  224  MW  on  Sazdan,  Irkutsk  -  660  MW  on  Angara,  etc. 

The  Volga  hydroelectric  power  plant  im.  V.  I.  Lenin,  equipped  by 
20  hydroaggregates  in  power  on  115  MW,  is  most  powerful/thick 
hydroelectric  power  plant  in  the  world.  In  the  USA  the  largest  is 
Grand  Coolie  hydroelectric  power  plant  on  r.  Columbine  with  a  power 
of  1974  MW. 

Great  work  is  carried  out  also  on  the  construction  of 
transformer  substations  and  electric  systems  of  all  voltages.  For  the 
characteristic  of  the  volume  of  work  on  the  construction  of 
transformer  substations  it  suffices  to  indicate  that,  according  to 
the  data  of  statistics,  on  1  MW  of  the  installed  power  of  the 
aggregates/units  of  power  plants  it  is  necessary  to  install 
transformer  substations  to  power  to  4-5  MV  A.  For  example,  during  the 
annual  putting  into  commission  on  the  power  plants  of  the  power  of 
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5000  MW  it  is  necessary  to  install  transformer  substations  to 
enormous  power  -  to  20,000-25,000  MV  A. 

The  total  length  of  electric  systems  only  by  voltage  35-400  )t? 
in  1958  composed  about  100,000  km.  The  ceiling  voltage  of  aerial  lines 
-  400  kv,  cable  -  110  kv.  Electrical  industry  mastered  the  production 
of  the  oil-filled  cables  to  voltages  to  220  kV  inclusively. 

Page  15. 


Soviet  industry  in  1958  manufactured  power  transformers 
three-phase  in  power  to  90  MVA  inclusively,  and  single-phase  -  to 
123.5  MVA.  From  the  latter  it  is  possible  to  complete  three-phase 
qroups  in  power  to  370  MVA  and  by  voltage  to  400  kv.  The  highest 
efficiency  of  three-phase  autotransformers  -  180  MVA,  and 
single-phase  -  167  MVA  from  which  it  is  possible  to  compose 
three-phase  groups  in  power  to  500  MVA. 

On  electrical  stations  and  suostations  of  the  USSR  continuously 
is  introduced  n®w,  ever  more  advanced  and  economical  equipment.  So, 
at  thermal  power  plants  ail  more  widely  apply  vapor  of  high  pressure 
and  high  temperature  of  the  overheating  (see  §  2-2).  Are  applied  ever 
more  powerful/thick  agqregates/units  and  they  install  ever 
large/coarser  power  plants,  in  recent  years  powerful/thick 
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turbogenerators  and  synchronous  condensers  sake  predominantly  with 
hydrogen  cooling.  Increasingly  note  widely  is  automated  production 
process  both  in  the  part  of  the  thernopower  or  water-power  and  in  the 
part  of  electrical.  As  a  result  of  accumulation  and  analysis  of 
operating  experience  continuously  is  improved  equipment  maintenance, 
are  introduced  ever  more  advanced  methods  of  its  operation. 

As  a  result  of  those  indicated,  and  also  series/row  of  other 
actions  the  av°rage/tnean  specific  consumption  of  cool  equivalent  per 
the  manufactured  kilowatt-nour  of  electric  power  on  the  thermal 
district  power  plants,  which  are  the  fundamental  sources  of  power 
supply,  was  lowered  from  57t>  g/kW»h  in  1945  to  450  g/kW»h  in  1957.  On 
separate  powerfu 1/thick  condensation  power  plants  the  specific  fuel 
consumption  in  1957  composed  420-400  g/kw*h  and  less.  Decrease  in  the 
specific  fuel  consumptions  per  power  plants  gives  to  the  country 
savings  into  several  million  tons  of  fuel/propellant  per  annua. 


By  the  considerable  achievement  of  Soviet  power  engineering  was 
launching/starting  in  1954  in  the  USSR  the  first  in  the  world  power 
plant  in  power  5000  kw  on  atomic  energy.  In  1958  is  introduced  in 
operation  the  first  turn  by  the  power  of  100  MW  of  the  second  atomic 
power  plant  whose  total  power  will  be  600  MW.  This  is  the 
large/coarsest  in  the  world  atomic  power  plant. 
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For  the  purpose  of  an  increase  in  e ff iciency/cost-ef f ectiveness 
and  reliability  of  power  supply  and  on  the  series/row  of  other 
reasons  (for  greater  detail,  see  $3-4),  all  these  years  in  different 
regions  of  the  country  was  realized  the  wide  association  of  power 
plarts  for  a  combined  (parallel)  work  on  the  general/comaon/total 
electric  systems  of  hiqn  voltage  -  they  were  created  power  systeas. 

In  the  last  two  decades  occurs  the  gradual  association  of  adjacent 
power  systems  by  the  electric  power  lines  of  very  high  voltages  and 
the  creation  of  the  large  integrated  systems  by  total  power  into 
several  million  kilowatts. 

Even  in  the  plan/layout  of  GOELRO,  which  personified  brilliant 
ideas  and  electrifications  of  the  socialist  country,  were  outlined 
those  main  trends,  in  which  thus  already  40  years  is  developed  Soviet 
power  engineering  and  which  briefly  can  be  formulated  as  follows: 

1.  Electrification  not  of  the  separate  chosen  regions,  but  of 
the  entire  country,  every  possible  development  and  reinforcement  of 
economy  and  culture  of  union  republics,  the  use  of  the  richest  raw 
and  energy  resources /I ifetimes  of  the  distant  regions. 

2,  Systematic  electrification  of  all  branches  of  national 
economy,  including  agriculture,  culture  and  mode  of  life. 
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3.  Anticipating/leading  cates  developments  of  electrification; 
creation  of  reserve  of  electrical  power. 

4.  Every  possible  use  of  local  fuel/propellant  by  construction 
near  places  of  yield  of  tuel/propellant.  of  powerf ul/thick  thermal 
power  plants. 

5.  Hide  construction  of  hydroelectric  power  plants. 

6.  Every  possible  development  of  district  heating. 

7.  Systematic  introduction  of  newest  technology:  vapor  of  high 
parameters,  ever  more  powerful/thick  and  more  ideal  aggregates/units, 
automation  of  production  processes,  etc. 

8.  Composite  solution  of  national-economic  problems  during 
construction  of  power  plants,  for  example:  with  hydroelectric  power 
plants  -  slectric  energy  generation,  improvement  in  navigation  and  in 
number  of  cases  irrigation  and  irrigation  of  arid  earth/ground;  in 
thermal  power  plants  -  electrochemical  use  of  fuel/propellant,  i.e. , 
obtaining  from  fuel/propellant  of  combustible  gas  and  resins  and  use 
of  fuel  remainder  for  electric  energy  generation. 


9.  Association  of  power  plants  for  multiple  operation  and 
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creation  of  power  systems;  gradual  association  of  power  systems  and 
creation  of  power  pool  system  of  Soviet  Onion  (feES). 

Page  16. 

1-3.  Seven-yoar  plan/laycut  of  the  electrification  of  the  USSR. 

The  development  of  Soviet  power  engineering  to  the  next  7  years 
is  determined  by  the  checx  digits  of  the  development  of  the  national 
economy  of  the  USSR  during  the  years  1959-1965,  affirmed  by  XXI 
Congress  of  KPSS  [  KflCC.  -  CPSU]. 

Primary  task  of  seven-year  plan/layout  are  "further 
powerful/thick  lift  of  all  branches  of  the  economy  on  the  basis  of  a 
preferred  increase  in  the  heavy  industry,  considerable  amplification 
of  the  economic  potential  of  tue  country  in  order  to  ensure  a 
continuous  ris°  the  standard  of  living  of  people. 

As  a  result  of  the  fulfillment  of  this  plan  will  made  the 
decisive  step/pitch  in  the  creation  of  the  material  and  technical 
basis  of  communism  and  in  the  accomplishment  of  the  fundamental 
economic  problem  of  the  USSR  -  within  historically  shortest  periods 
overtake  and  outdistance  tne  most  developed  capitalist  countries  in 
production  per  capita  of  population"  l. 
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FOOTNOTE  *.  The  check  digits  ot  tne  development  of  the  national 
economy  of  the  USSR  during  the  years  1959-1965,  "Pravda",  No  39  of  3 
February,  1959.  ENDFOOTNOTE. 

'The  gross  output  of  industry  in  19o5  in  comparison  with  1958 
N 

grows/rises  approximately/exemplarily  to  80o/o,  including  production 
of  the  means  of  production  -  approximately/exemplarily  to  85-88o/o, 
and  the  production  of  consumer  goods  -  approximately/exemplarily  to 
62-65o/o. 

For  the  purpose  of  every  possible  acceleration  of  the  economic 
development  of  the  country  and  maximum  gain  in  time  in  peaceful 
economic  competition  with  the  capitalist  countries  seven-year 
plan/layout  provides  for  a  preferred  increase  in  those  branches  of 
the  heavy  industry  which  to  the  greatest  degree  contribute  to  further 
rapid  lift  of  national  economy.  For  the  development  of  power 
engineering  important  val’e  has  the  provided  by  plan/layout  change  in 
the  structure  of  heat  balance  by  the  priority  development  of  yield 
and  production  of  the  most  economical  forms  of  fuel/propellant  -  oil 
and  gas.  The  share  of  oil  and  gas  in  the  total  volume  of  the 
production  of  fuel/propellant  will  increase  from  31o/o  in  1958  to 
51o/o  in  1965,  while  the  share  of  carbon/coal  respectively  will  be 
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lowered  from  59  to  43o/o.  This  will  make  it  possible  in  the  current 
seventh  anniversary  to  considerably  expand  the  use/application  of 
natural  gas  and  petroleum  residue  as  power  house  fuel  on  power 
plants,  which  will  give  the  series/row  of  the  economic  advantages: 
the  decrease  of  the  periods  of  construction  and  initial  costs  of 
power  plants,  increase  of  the  number  of  operating  personnel, 
reduction  in  the  prime  cost  of  electric  power,  etc.,  about  which  it 
is  in  more  detail  stated  in  $  2-2. 

In  accordance  with  the  established/installed  increase  in  the 
industrial  production  is  designed  the  development  of  power 
engineering  of  the  country.  During  a  seven-year  period  the  annual 
output  of  electric  power  ay  all  power  plants  of  the  USSR  must 
increase  approximately/exemplarily  2.2  times  and  in  1965  be  500-520 
billion  kw»h  (approx imately/exeaplarily  2260  kw»h  to  man  per  annum). 
The  installed  power  of  all  power  plants  for  seventh  anniversary 
grows/rises  more  than  2  times.  On  turbine  power  plants  will  be  only 
introduced  the  new  power  of  MW,  that  will  exceed  the 

total  power  of  all  power  plants  of  the  USSR  into  1958  the  yearly 
putting  into  commission  of  new  power  on  power  plants  it  will  achieve 
the  enormous  value:  8000-11,000  MW. 

So  considerable  an  increase  in  the  power  of  power  plants  can  be 
achieved/reached  only  on  the  oasis  of  the  preferred  construction  of 
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the  large/coarse  thermal  power  plants,  which  work  on  cheap 
carbon/coals,  natural  gas  and  petroleum  residue.  Should  be  noted  the 
impossibility  of  achieving  the  same  results  on  the  basis  of  the 
preferred  construction  of  aydroelectr ic  power  plants  as  a  result  of 
the  fact  that  the  periods  of  construction  and  expenditure  for  the 
construction  of  hydroelectric  power  plants  are  considerably  aore  than 
the  thermal  power  plants  of  tne  same  power  (see  §  2-3) . 

Based  on  this,  seven-year  plan/layout  it  provides  that  a 
fundamental  gain  of  power  plants  in  the  size/dimension  of  47000-50,000 
HW  will  be  achieved/reached  mainly  due  to  the  construction  of 
large/coarse  district  condensation  steam-turbine  power  plants  in 
power  on  1000  iw  and  more,  the  equipped  by  a  comparatively  small 
number  turbine  units  in  power  100,  150,  200  and  300  HH  with  the  high 
steam  parameters  and  carried  out  on  the  simplest  block  thermal 
circuit  (boiler  -  turbine,  see  §2-2).  At  the  construction  of 
large/coarse  power  plants  are  achieved  the  considerable  decrease  of 
the  periods  of  construction,  of  capital  expenditures  and  number  of 
personnel,  the  decrease  cf  the  prime  cost  of  electric  power  (see  § 
2-2)  . 


In  different  regions  of  the  country  have  already  been  installed 
la r  , a/coarse  district  power  plants  in  power  on  1000  NW  and  aore: 

Tom' -Usinskaya,  Nazaro  vskaya ,  Belovskaya,  etc.  with  turbine  units 
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100,  150  and  200  mw.  The  first  turbine  units  with  a  power  of  200  MW 
will  be  put  into  use  during  the  years  1959-1960.  During  the  years 
1960-1962  will  be  manufactured  the  turbine  units  with  a  power  of 
220-300  MW. 

Is  projected/designed  the  construction  of  thermal  power  plants 
in  power  to  1800-2400  Nfc  with  turbine  units  in  power  on  300-600  MW 
with  the  parameters  of  vapor  to  J00  atm(abs.)  and  650°C  at  boiler 
units  by  evaporation  capacity  to  1500-1800  t/hs. 

Page  17. 

For  a  comparison  let  us  point  out  that  in  the  USA  the  power  of 
separate  thermal  power  plants  reaches  1000-1500  MW  in  turbine  units 
in  power  to  250  NW,  boiler  units  by  evaporation  capacity  to  780  t/hs 
and  parameters  of  vapor  to  300  ata  (abs.  )  and  620°C. 

During  the  years  1959-1965  in  operation  they  must  be  introduced 
to  the  hydroeioctric  power  plant:  Stalingrad  with  a  power  of  2530  MW 
(22  hydraulic  generators  on  115  MW)  in  Volga,  fraternal  with  a  power 
of  4500  MW  (20  hydraulic  generators  on  225  MW)  on  Angara,  Votkinskiy 
-  1000  MW  in  Kama,  Kremenchug  -625  MW  in  Dniepr,  Bukhtarmin  -  525  MW 
on  the  Irtysh  and  some  others. 
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In  the  year  of  seven  year  school  will  be  also  expanded/scanned 
the  construction  of  the  series/row  of  large/coarse  thermal  and 
hydraulic  power  plants  with  their  introduction/input  into  operation 
after  1965.  From  planned  during  this  period  hydroelectric  power 
plants  of  the  largest  will  oe  Krasnoyarsk  on  the  Yenisei  with  a  power 
of  5000  MW,  at  which  will  be  established/installed  the 
hydroaggregates  in  power  on  500  MW. 

For  a  seven-year  period  it  is  provided  to  place  in  operation  the 
series/row  of  po werf ul/thica  atonic  power  plants  with  different  types 
of  reactors. 

Together  with  powerf ul/thica  power  plants  if  necessary  will  be 
installed  the  power  plants  of  comparatively  lew  power.  So,  for  heat- 
and  power  supply  of  cities  and  industrial  enterprises  is  provided  the 
construction  of  heat  and  power  plants  with  central  heating  turbine 
units  with  a  power  of  to  25-50,  but  subsequently  and  100  MW. 

In  regions,  not  included  by  the  electric  systeas  of  power 
systems,  will  be  installed  also  low-power  power  plants  for  the  power 
supply  of  small  users,  mainly  agricultural.  Seven-year  plan/layout 
provided  the  construction  of  inter-kolkhoz  and  inter-district  power 
plants  with  the  enlistment  of  the  means  of  kolkhozes. 
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The  extent  of  electrical  networks  by  voltage  35-500  kT  for 
seventh  anniversary  will  increase  approximately/exemplarily  2.5-3 
times  and  will  achieve  value  on  the  order  of  250-300  thousand  ka.  Is 
in  prospect  the  construction  or  an  enormous  number  of  transformer 
substations  of  all  possible  power  and  all  voltages  to  500  kV 
inclusively. 

Together  with  further  electrification  of  industry  seven-year 
plan/layout  provides  for  a  considerable  improvement  in  the  electro- 
and  heat  supply  of  cities  and  electrification  of  all  state  farms, 
repair-  technical  stations,  kolkhozes  and  workers  it  is  settlement. 
Will  be  electrified  approximately/exemplarily  20  thousand  km  of 
railroads.  As  a  result  of  tue  fulfillment  of  seven-year  plan  to  a 
considerable  degree  will  be  realized  the  idea.  V.  I.  Lenin  about  the 
continuous  electrification  of  the  country. 

As  in  the  year  of  the  previous  five-year  plans,  must  be  provided 
continuous  raising  the  tecnnical  level  of  electrical  stations  and 
networks/grids,  creation  and  use/application  of  ever  more  advanced 
aggregates/units,  thermal,  hydraulic  engineering  and  electrical 
eguipment,  more  advanced  constructive  solutions,  etc. 

Before  machine-building  and  alectrical  engineering  industries  is 
posed  the  problem  of  full  of  the  guarantee  new  energy  construction 
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with  entice  necessary  equipment.  Transformer  plants  within  the  next 
few  years  must  create  single -phases  transformer  and  autotransformers 
in  power  to  300  MVA  inclusively  for  staffing  of  groups  in  power  to 
900  MV  A  and  three-phase  transformers  and  autotransformers  in  power  to 
360-450  MVA  to  all  voltages  to  500  kV  inclusively 

The  most  important  conditions  of  fulfilling  the  program  of 
energy  construction  are  every  possible  improvement  in  the  quality  of 
construction  ones  and  are  assembling  works,  reduction  in  the 
cost/value  and  shortening  the  periods  of  construction.  For  this  is 
necessary  the  introduction  of  the  industrial  methods  of  construction, 
the  wide  application  of  composite  constructions/designs,  including 
the  precast  reinforced  concrete,  rational  simplification  in  the 
thermal  and  electrical  diagrams  and  layouts  of  power  and  electrical 
equipment,  etc.  it  is  very  important  to  attain  sharp  acceleration  and 
reduction  of  prices  of  the  construction  of  thermal  and  electrical 
networks,  electric  power  lines  of  nigh  voltages,  transformer 
substations. 

Are  such  the  large  problems,  which  into  the  next  7  years  must  be 
solved  by  Soviet  power  engineers. 
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Chapter  Two. 

BRIEF  INFORMATION  ABOUT  EQUIPMENT  AND  OPERATION  OF  ELECTRICAL 
STATIONS. 

2-1.  General  information. 

Electric  power  is  developed  id  special  enterprises  -  the  power 
plants,  which  convert  into  electric  power  other  fores  of  the  energy: 
chemical  energy  of  fuel/propellant,  hydraulic  power,  energy  of  the 
wind,  atomic  energy,  etc.  Manufactured  by  station  electric  power  is 
transmitted  by  the  air  or  cable  lines  of  electric  systees  to 
different  users:  industrial,  coeeunal,  agricultural,  everyday  ones, 
etc. 


Types  of  power  plants.  Depending  on  the  utilized  fore  of  energy 
distinguish  power  plants  thermal,  hydroelectric,  atoeic,  wind,  etc. 


On  thermal  power  plants  is  utilized  solid,  liquid  and  gaseous 
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fuel.  Depending  on  the  kind  of  primary  motor/engine,  which  revolves 
electric  generator,  therial  power  plants  they  are  subdivided  into 
station  with  steam  turbines,  steal  engines  (engines) ,  internal 
combustion  engines  and  gas  rubies. 

Stations  with  steal  turbines,  furthermore,  they  are  subdivided 
into  condensation  ones  and  central  heating  ones. 

The  electrification  of  the  USSR,  as  noted  in  §1-2,  is  realized 
in  essence  from  thermal  steal- turbine  power  plants  and  hydroelectric 
stations.  Within  the  next  few  years  considerable  development  will 
undergo,  apparently,  also  the  atomic  power  plants. 

According  to  the  character  of  the  users  of  electric  power  and  by 
region  of  the  maintenance/servicing  power  plant  it  is  possible  to 
subdivide  into:  urban  (public-service),  industrial  ones  (factory  and 
plant),  agricultural  ones,  district,  special  designation/purpose 
(railroad,  etc.).  This  subdivision  is  somewhat  conditional  for  the 
power  plants,  which  work  to  the  general/common/total  network/grid  of 
the  power  system  (see  §3-4).  Por  example,  the  connected  with  the 
electric  system  of  power  system  urban  power  plant,  besides  the 
nourishment  of  the  users  of  city,  usually  puts  out  the  part  of 
developed  by  it  electric  power  into  the  electric  systei  of  the  systei 
where  it  is  utilized  for  the  nourishment  of  industrial,  agricultural 
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and  other  users.  Then  it  is  possible  to  speak  also  about  other 
stations,  connected  with  the  network/grid  of  system.  Therefore, 
relating  station  to  one  of  the  groups  indicated,  bear  in  eind 
preferred  character  its  loads. 

The  mode  of  operation  of  power  plants  is  very  peculiar  and 
essentially  it  differs  from  the  mode/conditions  of  work  of  any 
industrial  enterprise.  The  power  plant,  connected  with  electric 
consumers  with  electrical  network  (see  §3-2,  Pig.  3-5),  can  develop 
at  each  moment  of  time  only  this  quantity  of  electric  power,  what  at 
this  moment  of  time  consume  all  connected  to  its  network/grid 
electrical  receivers.  There  cannot  be  the  productions  of  electric 
power  without  its  simultaneous  consumption;  therefore  the  load  of 
power  plant  is  determined  by  the  power,  simultaneously  consumed  by 
all  connected  to  its  network/grid  electrical  receivers. 

Each  user  has  the  specific  operating  mode,  with  respect  to  what 
changes  his  electrical  load.  The  inconstancy  of  the  use  mode  of 
electric  power  leads  also  to  the  varying  load  of  electric  energy 
generation  -  the  load  of  the  generators  of  power  plant  changes  in 
accordance  with  a  change  in  the  load  of  its  users. 
Variable/alternating  is  also  the  load  of  all  intermediate 
components/links  of  the  transmission  system  and  electrical  power 
distribution:  the  electric  power  lines,  substations,  etc. 
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A  change  in  the  loads  of  power  plants  as  any  other  electrical 
devices,  is  convenient  to  depict  graphically  in  the  fora  of  the 
graphs/curves  of  the  loads  which  are  constructed  in  the  rectangular 
coordinate  axes,  plotting/depositing  along  the  axis  of  the  ordinates 
of  load,  and  along  the  axis  of  abscissas  -  the  time,  during  which 
they  are  examined  changes  in  loads.  They  »ost  freguently  use  the 
diurnal  graphs/curves  of  loads.  One  of  similar  graphs/curves  of 
station  is  given  in  Pig.  2-1. 
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Fig.  2-1.  Diurnal  graph/curve  of  the  load  of  power  plant. 

Key:  (1)  .  HU.  (2.\  il  . 

Page  19. 

The  form  of  diurnal  graph/curve  depends  on  composition  and  mode  of 
operation  of  the  receivers  of  electric  power  (for  greater  detail,  see 
chapter  4) . 

2-2.  Thermal  power  plants. 

Steam-turbine  condensation  power  plants  work  on  solid,  liquid  or 
gaseous  fuel.  Host  widely  is  utilized  the  solid  fuel:  carbon/coals  of 
different  deposits,  especially  brown  coal,  coal  fines,  anthracite 
fines  and  withdrawals/departures  of  the  enrichment  of  carbon/coals 
(semi-finished  product),  bituminous  shale,  cake  and  milling  peat. 


l _ 
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etc.  On  the  use  of  local  solid  fuels  for  the  electric  energy 
generation  of  the  USSR  occupies  the  first  place  in  the  world. 

Solid  fuel  they  burn  in  the  furnaces  of  boilers  in  cake  view  of 
gratings  (layer  combustion)  or  in  dustlike  state  (chamber 
combustion).  The  best  ignition  method  of  local  low-calorie 
fuels/propallants  with  hign  ash  contents  and  moisture  is  combustion 
in  dustlike  state. 

The  layer  combustion  of  solid  fuel  applies  comparatively  little 
and  usually  with  the  boilers  of  small  evaporation  capacity  and  to  the 
low  parameters  of  steam. 

As  gas  fuel/propellant  utilize  a  natural  gas,  and  at  the 
stations  of  metallurgical  plants  -  also  domain  and  coke  gases.  In 
certain  cases  the  gas  utilizes  as  a  supplementary  fuel/propellant  to 
solid  or  liquid,  which  is  fundamental. 

The  use/application  of  a  natural  gas  on  power  plants 
economically  is  very  effective:  approximately/exemplarily  to  20o/o 
decrease  initial  costs  of  station  due  to  sharp  simplification  and 
reduction  of  prices  of  the  fuel  economy  of  station  and  several  times 
decreases  the  prime  cost  of  electric  power  as  a  result  of 
considerably  smaller  expenditures  on  fuel/propellant,  decreases  of 
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the  number  of  personnel  and  decrease  in  the  depreciation  allowance. 

Because  of  the  absence  of  Pulley  carbon  storages,  coal  feeds,  ash 
renewal  and  ash  collection,  crushing  and  mill  devices/eguipment, 
necessary  during  the  coabustion  of  carbon/coal,  not  only  decrease 
initial  costs  of  stations  on  gas,  but  also  substantially  are  reduced 
the  periods  of  their  installation  -  on  the  average  on  8-10  no.,  which 
considerably  accelerates  the  putting  into  commission  of  new  power. 

The  efficiency  cf  boiler  units  on  gas  is  raised  by  4-5o/o  due  to 
the  absence  of  the  heat  losses  as  a  result  of  mechanical  inconplete 
burning  and  decrease  in  tne  heat  losses  with  stack  gases. 

The  number  of  service  personnel  is  reduced  not  only  due  to 
simplification  in  the  fuel  economy,  but  also  as  a  result  of  the 
possibility  of  the  wider  automation  of  boiler  units  which  during  the 
combustion  of  gas  is  realized  considerably  simpler  and  it  is  cheaper, 
rather  than  during  the  combustion  of  carbon/coal. 

Prime  cost  of  the  natural  gas  considerably  lower  than  prime  cost 
of  carbon/coal.  For  example,  with  translation  on  1  t  of  cool 
equivalent  it  proves  to  be  that  the  prime  cost  of  natural  gas  is 
15-20  times  less  than  the  prime  cost  of  donets  carbon/coal.  Transport 
with  the  aid  of  th“  gas  pipes  1  t  of  conditional  gas  fuel/propellant 
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is  approximately/e  xemplaniy  0  times  cheaper  than  1  t  of  carbon/coal. 

With  gas  fuel/propellant  considerably  is  reduced  the  expenditure 
of  electric  power  for  its  own  needs  of  station. 

Taking  into  account  advantages  indicated  above  of  gas  as  power 
house  fuel,  and  also  the  provided  by  seven-year  plan/layout  increase 
in  the  yield  of  natural  gas,  is  planned  into  1959-1965  to  sharply 
increase  the  use  of  a  natural  gas  for  electric  energy  generation. 
While  in  1957  on  the  power  plants,  gas-fired,  were  manufactured  less 
than  16  billion  kW«h  (approxiaately/exemplarily  7.5o/o  of  entire 
consumption/production/generation),  then  into  1965  electric  energy 
generation  at  such  stations  it  must  increase  not  less  than  5  times 
and  be  ap prox imately /exesplarily  80-90  billion  kW«h  (15-18o/o  of 
entire  consumption/production/genecation) . 

The  use  of  gas  on  urban  and  industrial  heat  and  power  plants 
considerably  improves  sanitary- hygienic  conditions,  since  is  removed 
the  contamination  of  the  territories  of  cities  and  enterprises  by 
escapes  with  flue  gases. 

In  1959-1965  is  projected/designed  the  installation  of  the 


number  of  the  heat  and  power  plants,  equipped  by  gas  turbines.  At 
present  Soviet  plants  manufacture  gas  turbines  in  power  to  25  HW  and 
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they  project/design  with  the  power  of  50  MB. 

In  connection  with  the  outlined  for  seventh  anniversary 
1959-1965  the  increase  of  the  yearly  yield  of  oil  to  230-240  aln. 
shows  the  possibility  of  using  extensively  as  fuel/propellant  for 
power  plants  also  petroleum  residue,  which  gives 

approximately/exemplarily  the  same  order  of  the  advantage  as  the  use 
of  a  natural  gas.  First  of  all  to  petroleum  residue  it  is  expedient 
to  transfer  all  heat  and  power  plants  in  oil  refineries,  and  also 
power  plants,  arranged/located  in  immediate  proximity  of  them.  Is 
possible  installation  on  petroleum  residue  also  of  powerf ul/thick 
district  power  plants. 

Pa  ge  20. 

Gas  and  petroleum  residue  are  introduced  into  the  furnaces  of 
the  boilers  through  burners  (injector)  and  are  burned  in  the  form  of 
flame . 


Fig.  2-2  gives  the  simplified  flow  chart  of  the  simplest 
steam-turbine  power  plant.  From  the  storage  of  fuel/propellant  1  with 
the  aid  of  conveyer  (usually  strip/tape)  cake  carbon/coal  0  enters 
carbon  bunker  2,  arranged/ located  in  boiler  room  before  boiler  4. 

From  bunker  carbon/coal  falls  to  the  chain  grate  of  furnace  3,  where 


DOC  =  79134802 


PAGE  $0 


it  burns.  The  separating  in  furnace  heat  through  the  surfaces  of 
heating  boiler  is  transmitted  to  the  found  in  it  water  and  generated 
in  it  steam. 

Oases  G  from  furnace  and  boiler  flues  are  exhausted  by  exhaust 
fan  5  and  through  the  chinney  stack  are  rejected  in  the  ataosphere. 

Prom  the  boiler  overheated  steam  PP  on  steam  pipe  enters  steam 
turbine  6  and  it  gives  it  in  rotation.  Turbine  revolves  generator  7 
whose  shaft  is  connected  by  clutch  with  the  shaft  of  turbine. 
Manufactured  in  generator  electric  power  EE  enters  the  collecting 
mains  SSh  of  generator  voltage  also  from  them  -  into  electric  system 
along  the  waste/exiting  lines. 

Tn  turbine  the  steam  passes  a  series/row  of  steps/stages, 
completing  the  mechanical  w oik;  in  this  case  pressure  and  its 
enthalpy  gradually  they  decrease.  The  work,  completed  by  steam  in 
turbine,  depends  from  pressure  difference  in  steam  that  comes  the 
turbine  and  emerging  from  the  turbine.  The  greater  this  pressure 
difference,  the  large  part  of  thermal  energy  of  steam  is  converted 
into  mechanical  energy  in  turbine.  At  certain  pressure  of  steam,  that 
enters  the  turbine,  pressure  difference  the  greater,  the  less  the 
pressure  of  steam  that  emerges  from  turbine,  i.e.,  the  less  the 
pressure  of  st°am  in  capacitor/condenser  8.  For  more 
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fu 11/tota ler/more  couplets  use  of  thermal  energy  of  steam  to  more 
advantageously  support  in  turbine  condenser  subatmospheric  pressure. 

The  stagnation  pressure  of  the  exhaust  steam  in  contemporary 
turbines  is  usually  0.  04-0.03  atm(abs.),  which  is  achieved  by 
creation  and  permanent  maintenance  in  the  capacitor /condenser  of  8 
turbines  of  the  corresponding  rarefaction/evacuation  (vacuum).  For 
this,  first  of  all,  necessary  that  the  generated  steam  of  OP,  which 
continuously  enters  the  capacitor/condenser  of  8  turbines,  intensely 
would  be  cooled  rapidly  it  would  be  condensed.  Is  reached  this  via 
passage  in  a  proper  quantity  through  the  tubes  of  the 
capacitor/cond^nser  of  cold  circulation  water  TsV,  which  supplies 
circulating  pump  9  of  any  oasin  -  river,  pond,  lake.  Depending  on  the 
temperature  of  circulation  water  (by  winter,  summer,  etc.)  a  quantity 
of  it  must  be  50-80  times  of  more  than  a  quantity  of  coming  the 
exhaust-steam  condenser. 

In  the  case  of  absence  near  the  station  of  the 
adequate/approaching  basin  is  utilized  one  and  the  same  space  of 
circulation  water,  but  artificially  cooling  it  in  any  special 
installations,  for  example  tower-coolant  (saltpan). 

The  air,  which  penetrates  into  capacitor/condenser  together  with 
the  exhaust  steam  and  through  leakages/loosenesses,  is  driven  out  by 
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special  steam-jet  apparatus  -  ejector  10. 

Forming  in  ca pacitor/conaenser  8  condensate  K  is  evacuated  by 
condensate  pump  11  into  supply  tank  12.  From  the  latter  the  feed 
water  PV  by  feed  pump  13  is  supplied  into  boiler  4.  Thus,  in 
steam-turbine  installation  of  feed  water,  vapor  and  condensate  are 
turned  on  closed  cycle,  tnanks  to  which  is  provided  the  small 
contamination  of  boiler. 

The  entering  the  exhaust-steam  condenser  even  at  stagnation 
pressure  0.04-0.  03  atm(abs.),  contains  an  an  even  nore  considerable 
guantity  of  unused  heat  whose  large  part  is  absorbed  by  circulation 
water  and  is  taken  away  by  it  into  basin,  i.e.,  it  is  lost 
unprod  uct  ivel  y. 
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Fig.  2-2.  Simplified  fundamental  flow  chart  of  steam-turbine 
condensation  power  plant. 

Key:  (1).  Boiler  room.  (2).  iaste/exiting  lines.  (3).  Distributor. 

(4) .  Machine  room. 

Page  21. 

Let  us  take  in  the  fora  of  an  example  the  case  when  into  turbine 
it  enters  steam  with  initial  pressure  90  atm(abs.)  with  temperature 
of  500°C  and  enthalpy  816  kcal/kg.  At  the  stagnation  pressure  of  the 
generated  steam  0.04  ata(abs.)  its  enthalpy  are  approximately  525 
kcal/kg.  From  this  guantity  of  heat  only  very  small  part. 


approximately/exemplarily  25-28  kcal/kg,  returns  with  condensate  to 
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the  feed  system  of  boiler.  Nevertheless  remaining  heat, 
approximately/exemplarily  525-25*500  kcal/kg,  or  (500/816) 100=61o/o, 
is  lost  unproductive  with  circulation  water.  As  a  result  of  a  large 
quantity  of  circulation  water  its  temperature  is  small;  therefore  its 
use  for  any  purposes  is  virtually  impossible. 

The  specific  heat  losses  occur  also  in  boiler  units,  steam 
pipes,  turbines,  generators  and  other  elements/cells  of  power  plant. 

Because  of  this  entire  efficiency  of  the  power  plants,  carried 
out  on  diagram  in  Pig.  2-2,  usually  it  is  comparatively  small  and 
does  not  exceed  16-1 8o/o. 

An  increase  in  the  efficiency  of  condensation  power  plants  is 
achieved  by  the  path: 

1)  the  use/application  of  dustlike  (chamber)  combustion  of  the 
solid  fuel; 

2)  preheating  feed  water  with  the  use  of  heat  of  steam,  the 
partially  mastered  in  turbine  (the  so-called  regenerative  preheating 
of  feed  water),  and  also  heat  of  the  waste/exiting  flue  gases; 

3)  preheating  the  entering  the  furnace  boiler  of  air  with  the 
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use  of  heat  of  the  waste/exi tiny  flue  gases; 

4)  increase  in  the  power  of  aggregates/units,  since 
powerful/thick  aggregates/units  have  the  larger  efficiency; 

5)  increase  in  the  parameters  of  steam. 

Pig.  2-3  gives  the  fundamental  flow  chart  of  steam-turbine 
condensation  power  plant  with  the  regenerative  preheating  of  feed 
water,  using  waste  heat  and  by  worker  on  the  coal  dust.  Prom  storage 
1  cake  carbon/coal  UK  enters  coal-crushing  device/equipaent  2,  where 
it  passes  through  the  crushers,  which  divide/mark  off  it  into 
snail/fine  pieces.  If  station  works  on  the  anthracite  fines,  then 
crushing  device/equi pment  does  not  install  and  tail  from  storage  1 
they  transport  directly  into  boiler. 

Crushed  carbon/coal  UD  enters  the  carbon  bunker  of  3  of  dust 
peparing  devices /equ ip ment  which  normally  is  placed  in  boiler  room. 
Prom  bunker  3  carbon/coal  falls  into  carbon  mill  4,  which  grinds  it 
to  dustlike  state.  Prom  mill  the  coal  dust  UP  either  enters  the 
arranged/located  on  boiler  bunker  5  of  finished  coal  dust  (system  of 
pulv  \zed  coal  preparation  with  intermediate  pulverized  coal 
bunker),  or  directly  through  pulverized  coal  burners  7  it  is  injected 
into  the  furnace  of  8  boilers  (systen  of  pulverized  coal  preparation 
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without  intermediate  pulverized  coal  bunker)  . 

Pros  bunker  5  the  coal  dust  UP  is  supplied  by  the  feeders  of 
dust  6  and  through  burners  7  is  injected  into  the  furnace  of  boiler  9 
by  hot  air  VG,  which  is  supplied  by  blast  fan  13.  The  feeders  of 
bullet  6,  that  have  electric-aotor  drive,  make  it  possible  to  change 
a  quantity  of  carbon  dust,  which  enters  the  furnace  of  boiler  with 
its  work  with  different  evaporation  capacity. 
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Pig.  2-3.  Fundamental  flow  chart  of  steam-turbine  condensation  power 
plant,  that  works  on  the  coal  dust. 

Key:  (1).  Boiler  room.  (2).  Machine  room.  (3).  Distributor  of 
increased  voltage.  (4) .  35  kV  into  above. 


Page  22 
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Hot  air  VG,  necessary  for  the  combustion  of  carbon  bullet, 
preliminarily  passes  through  air  heater  11,  where  it  is  preheated  by 
the  waste/exiting  flue  gases  G,  which  are  exhausted  from  boiler  flues 
by  exhaust  fan  12.  Cold  air  V  takes  away/gathers  outside.  Preheating 
air  decreases  the  heat  losses  with  waste  gas  and  improves  the  process 
of  the  combustion  of  the  coal  dust.  In  the  furnace  of  boiler  the  coal 
dust  burns  in  suspension,  forming  flame  in  the  form  of  flaae  with 
very  high  temperature,  is  provided  a  good  combustion  of  any 
fuel/propellant . 

Prom  boiler  9  into  steam  turbine  14  enters  overheated  steam  PP. 
Certain  quantity  of  that  partially  generated  in  turbine  of  steam  PO 
(steam  of  selection)  is  aostr acted/removed  from  the  intermediate 
steps /staqes  of  turbine  for  preheating  feed  water.  Remaining  steam 
passes  through  the  subsequent  steps/stages  of  turbine.  Completely 
mastered  in  the  turbine  of  steam  OP  enters  capacitor/condenser  16, 
where  it  is  condensed  by  circulation  water  TsV,  supplied  with 
circulating  pump  18.  The  necessary  rarefaction/evacuation  in 
capacitor/condenser  supports  steam  eject cr  17. 

Prom  turbine  condenser  the  condensate  K  is  pumped  over  by 
condensate  pump  19  into  deaerator  20. 


Deaerator  serves  for  distance  from  feed  water  of  the  dissolved 
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in  it  gases,  especially  atmospheric  oxygen,  since  it  causes  intense 
corrosion  and  rapid  decomposition  of  the  heating  pipes  of  boiler, 
tubes  of  water  heaters  and  feed  conduits/manifolds.  In  feedwater 
deaerator  is  preheated  by  steal  PO  from  intermediate  selection  before 
the  temperature,  with  which  occurs  the  intense  isolation/liberation 
of  the  dissolved  in  it  gases. 

From  feedwater  deaerator  PV  is  evacuated  by  feed  pump  21.  On 
path  into  boiler  the  feed  water  PV  passes  through  several  water 
heaters  (in  the  diagram  is  shown  one  water  heater  -  22),  in  which  the 
water  is  preheated  by  steam  from  the  intermediate  selections  of 
turbine.  The  entering  in  water  beaters  steam  is  condensed;  condensate 
KP  is  abstracted/removed  into  deaerator. 

Condensation  steam  turbines  have  several  intermediate  selections 
for  preheating  feed  water.  The  regenerative  preheating  of  feed  water 
by  steam  from  the  intermediate  selections  of  turbine  significantly 
raises  the  efficiency  of  power  plant.  Is  explained  this  by  the  fact 
that  selection  from  the  intermediate  steps/stages  of  the  turbine  of 
the  partially  exhaust  steam  decreases  a  quantity  of  steam  that  enters 
turbine  condenser,  and  consequently,  as  this  escape/ensues  of  that 
presented  above,  and  the  heat  loss  with  circulation  water.  The  heat, 
which  is  contained  in  a  fair  of  selection,  returns  with  feed  water  to 
boiler  aggregate/unit. 
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Additionally  feed  water  is  preheated  in  the  feed-water 
economizer  of  10  boilers  with  the  use  of  heat  of  the  waste/exiting 
flue  gases.  Depending  on  pressure  of  steaa  in  boiler  the  temperature 
of  feed  water  upon  the  input  into  boiler  composes  160-260°C.  The  feed 
of  boilers  by  the  heated  water  improves  their  work  and  raises  their 
ef ficienc y /cost- ef  feet iveness. 

On  power  plants  occur  some  losses  of  steam  and  condensate  as  a 
result  of  the  boil-offs  and  condensate  in  the  system  of  equipment  and 
conduits/manif olds  of  station,  certain  expenditure  of  steam  for 
technical  needs  (blowout  of  boilers,  heating  of  petroleum  residue, 
etc.)  ,  and  also  losses  of  steaa  and  condensate  with  start  and  stop  of 
equipment  -  boilers,  turbines,  etc.  (to  warm-up  and  purging  of  the 
elements/cells  of  boiler  and  steam  pipes,  the  warm-up  of  turbines, 
etc.).  For  the  coraplet i cn/re plenishment  of  these  losses  certain 
quantity  of  darap/crude  water  SV  is  chemically  cleaned  in  special 
installation  23,  whence  supplementary  water  DV  enters  deaerator  20. 

The  efficiency  of  power  plant  increases  during  the 


use/application  of  aggregates/units  of  large  power  (boiler  units  and 
turbine  units) ,  since  powerful/thick  aggregates/units  are  more 
economical  than  small/fine. 
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Great  effect  on  the  efficiency  of  power  plant  have  the 
paraaeters  of  steam:  with  an  increase  in  the  initial  pressure  and 
temperature  of  overheating  of  steaa  the  efficiency  of  station 
increases.  For  an  example  let  us  point  out  that  the  efficiency  of 
condensation  power  plants  on  pulverized  coal  fuel/propellant  have  the 
approxiaately/exeaplarily  following  values:  in  the  average  parameters 
of  steaa  29-35  atm  (abs.)  and  400-435°C  turbine  units  in  power  to  50 
MW  to  25-28o/o:  in  the  high  parameters  of  steam  90  atm  (abs.)  and 
500°C  and  the  turbine  units  with  a  power  of  50-100  H w  to  30-32o/o;  in 
the  superhigh  parameters  of  steaa  170-220  atm  (abs.)  and  550-650°C  the 
turbine  units  with  a  power  of  100-300  MW  to  34-40o/o. 

An  increase  in  the  efficiency  of  power  plant  leads  to  the 
decrease  of  the  specific  consumption  of  fuel  (g/kw»h)  or  heat 
(kcal/kw*h)  to  manufactured  electric  power,  and  consequently,  to  the 
reduction  of  prices  of  electric  power. 

Thus,  as  a  result  of  introduction  everything  of  the  more 
advanced  equipment  the  efficiency  of  power  plants  grows/rises. 


Page  23. 
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In  spite  of  this,  nevertheless  it  is  necessary  to  note  that  even  on 
the  very  pov®rf ul/thick  condensation  power  plants  of  the  high  and 
ultrahigh  pressures  only  by  J0-40o/o  of  energy  of  fuel/propellant  it 
is  utilized  productively,  i.e.,  it  is  converted  into  electric  power. 
The  others  70-60o/o  energy  of  fuel/propellant  are  lost  unproductive 
in  the  process  of  the  production  of  electric  power. 

Prom  the  aforesaid  it  is  possible  to  draw  the  conclusion  that 
the  installation  of  condensation  power  plants  on  long-range 
fuel/propellant  is  economically  inexpedient.  On  the 

dismantled/selected  diagram  at  the  USSR  work  and  are  installed  mainly 
district  power  plants  on  local  fuel/propellant,  since  electric 
transmission  up  to  great  distances  to  the  places  of  its  consumption 
proves  to  be  economically  more  advantageous,  than  transport  along  the 
railroads  of  the  low-calorie  local  fuel/propellant,  which  contains  a 
large  guantity  of  ash  and  moisture. 

Since  district  power  plants  usually  are  considerably  distant 
from  the  users  of  electric  power,  then  developed  by  them  electric 
power  is  distributed  by  means  of  high-voltage  electric  power  lines  by 
voltage  35  k V  and  it  is  above,  that  encompass  the  considerable 
regions  of  field  service  -  in  a  radius  of  several  tens  and  even 
hundreds  of  kilometers,  in  accordance  with  this  in  the  diagram  in 
Pig.  2-1  it  is  shown  that  from  generator  15  electric  power  33  enter 
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step-up  transformer  24,  and  then  the  collecting  sains  SSh  by  voltage 
35  kV  and  it  is  above,  troa  unich  will  move  away  the  electric  power 
lines  LEP,  which  feed  high-voltage  district  electric  systen. 

In  Fig.  2-2  and  2-3  dotted  lines  lisited  the  outlines  of  boiler 
rooa,  machine  room  and  electrical  distributor.  The  latter  serves  for 
the  reception/proced ure  of  electric  power,  manufactured  by  the 
generators  of  station,  and  its  distribution  according  to  the 
waste/exiting  electric  power  lines. 

In  distributor  are  placed  the  disconnecting,  shielding  and 
measuring  electrical  apparatuses,  coupling  busbars  and  auxilople. 

At  station  there  is  also  a  control  board,  whence  attendant 
personnel  exercises  control  and  control  over  the  work  of  electrical 
eguipment.  of  installation. 

It  should  be  noted  that  the  installation  of  large/coarse 
district  power  plants  with  the  powerful/thick  aggregates/urits  of 
high  and  ultrahigh  pressures  is  profitable  not  only  as  a  result  of 
the  decrease  of  the  specific  consumption  of  fuel  and  increase  in  the 
efficiency  of  stations,  as  this  was  discussed  above,  but  also  as  a 
result  of  a  sharp  decrease  in  initial  initial  costs  of  power  plants 
and  decrease  of  the  number  of  personnel,  which  also  leads  to  the 
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decrease  of  the  cost/value  of  electric  power. 

Por  example,  according  to  the  data  of  Electroheat-plan  initial 
initial  costs  of  the  power  plant  with  a  power  of  1200  Htf  into 
aggreqates/units  on  200  Mil  approximately/exemplarily  to  26-30o/o  less 
than  initial  costs  of  three  power  plants  on  400  Mil  with 
aggreqates/units  on  100  MW  (to  the  same  total  power  of  1200  MW)  .  At 
the  same  time  the  number  of  personnel  decreases  in  one  station 
approximately/exemplarily  2-3  times. 

The  profitability  of  the  installation  of  very  large/coarse  power 
plants  illustrate  also  some  technical-economic  indices,  given  in 
fable*  2-1. 

Thermal  district  power  plants  at  present  normally  are  installed 
on  the  so-callpd  block  thermal  circuit  in  which  on  each  turbine  unit 
installs  one  boiler,  moreover  Dotn  on  feed  water  and  on  steam  the 
boilers  of  different  turbine  units  do  not  connect  (are  absent  the 
cross  connections  between  blocks).  As  an  exception  in  the  absence  of 
large/coarse  boilers  are  installed  two  boilers  to  one  turbine  unit. 

The  use/application  of  block  diagrams  proved  to  be  possible  as  a 
result  of  the  high  reliability  of  the  operation  of  contemporary 


boiler  units 
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■'{able  2-1.  Some  technical-economic  indices  of  large /coarse  thermal 
district  power  plants. 
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6,5-7 
0,5— 0,6 
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Key:  (a).  Indices,  (b)  .  Power  plant  by  power,  (c)  .  HW.  (1).  Number  of 
turbine  units.  (2).  Power  of  turbine  unit,  fl W «  (3).  Cost/value  of  1 

kW  of  installed  power  (in  values  1955),  rub.  (4).  Specific 
expenditure  of  cool  equivalent  for  manufactured  kilowatt-hour,  g. 

(5).  Efficiency  of  station,  o/o.  (6).  Expenditure  of  electric  power 
for  its  own  needs,  o/o.  (7).  Eegular  coefficient,  man/HH.  (8). 
Specific  volume  of  main  housing,  m3/kH. 
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The  major  advantages  of  the  block  stations: 

1)  is  facilitated  use/application  the  steal  of  the  high  and 
superhigh  parameters  as  a  result  of  the  siipler  system  of  the  steal 
pipes; 

2)  are  simplified  and  becomes  clearer  the  flow  chart  of  station, 
in  consequence  of  which  increases  the  reliability  of  operation  and  is 
facilitated  the  operation; 

3)  decrease,  and  soaetines  can  generally  be  absent  the  stand-by 
auxiliary  thermo-mechanical  equipment; 

4)  is  reduced  the  volume  of  the  construction  and  installation 
works ; 

5)  decrease  fundamental  initial  costs  of  the  station; 

6)  is  provided  the  convenient  expansion  of  station  by  blocks, 
the  new  blocks  if  necessary  can  have  higher  parameters  of  steal. 

If  station  is  made  from  blocks  with  one  boiler,  then  in 
comparison  with  the  station,  carried  out  on  the  nonmodular  diagram. 


the  specific  volume  of  building  decreases  approxiiately/exeiplarily 
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to  20o/o,  substantially  decrease  the  length  of  conduits/aani folds  and 
a  quantity  of  reinforcement  on  thea,  a  nunber  of  measuring  aeters, 
considerably  is  simplified  theraal  autoaation. 

For  control  of  therao-aechanical  equipment  install  block  panels 
(22  in  Pig.  2-4),  usually  one  to  two  blocks,  the  available  in  aain 
housing  stations,  with  block  panels  and  wide  autoaation  of 
therao-aechanical  equipment  it  proves  to  be  excessive  to  have 
attendant  personnel  directly  m  fundamental  and  auxiliary 
theraomechanical  equipment. 

Pig.  2-4  in  the  fora  of  an  example  gives  the  schematic  cross 
section  of  the  main  housing  of  powerful/thick  thermal  power  plant 
with  tur boasseablies  with  a  power  of  150  HW.  On  the 
designation/purpose  of  the  basic  equipment,  shown  in  this 
section/cut,  it  was  said  earlier.  Let  us  additionally  note  that 
feeder  3  serves  for  controlling  the  admission  of  raw  carbon/coal  froa 
bunker  2  into  mill  4. 

The  mixture  of  the  coal  dust  and  air  froa  aill  enters  separator 
5,  and  then  into  cyclone  6.  In  separator  froa  coal-air  aixture  are 
separate/liberated  the  large/coarse  unground  particles  of 
carbon/coal,  absorbed  by  airflow,  which  froa  separator  are  headed 
back  into  aill.  In  cyclone  the  coal  dust  is  separate/liberated  froa 
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air  and  then  along  tube  it  is  headed  for  pulverized  coal  bunker  7  (it 
is  arranged/located  after  rav  coal  bunker  2) .  The  supply  to  carbon  of 
dust  to  the  pulverized  coal  burners  of  boiler  and  burners  theaselves 
Pig.  2-4  does  not  show.  Also  is  not  shown  fan,  suction  air  fron 
cyclone  6  and  feeding  it  to  the  burners  of  boiler. 

After  feed- water  economizer  9  and  air  heater  10  flue  gases  fall 
into  wet  ash  catcher  (scrubber)  11,  where  the  gas  is  cleaned  of  the 
weighed  in  it  ash.  The  purified  gas  is  exhausted  by  exhaust  fan  12 
and  on  duct  is  headed  for  chianey  stack  13.  One  should  say  that 
during  the  dustlike  combustion  of  fuel/propellant  the  large  part  of 
the  ash  will  be  carried  by  flue  gases  frcm  boiler  aggregate/unit. 
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Fig.  2-4,  Schematic  cross  section  of  the  main  housing  of 
powerful/thick:  thermal  district  power  plant.  1  -  carbon  conveyer;  2  - 
raw  coal  bunker;  3  -  feed  of  damp/crude  carbon/coal;  4  -  carbon  eill; 
5  -  separator:  6  -  cyclone;  7  -  bunker  of  the  coal  dust;  8  -  steam 
boiler;  9  -  two  steps/stages  of  the  feed-water  economizer;  10  -  two 
steps/stages  of  the  air  heater;  11  -  wet  ash  catcher  (scrubber);  12  - 
exhaust  fan;  13  -  chimney  stack;  14  -  blast  fan;  15  -  deaerator;  16  - 
bridge  crane  of  the  boiler  room;  17  -  steam  turbine;  18  - 
turbogenerator;  19  -  turbine  condenser;  20  -  pipelines  of  the 
circulation  water;  21  -  bridge  crane  of  the  machine  room;  22  - 
control  board  of  block  bcile r-turbine ;  23  -  transformer  for  the  feed 
of  their  own  needs. 

Page  25. 
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Therefore  in  the  absence  of  gas  cleaning  inadnissibly  is  soiled  air 
in  the  adjacent  to  power  plant  region.  Per  scrubbing  of  gas  are 
applied  the  ash  catchers  of  different  systems,  including  electric 
filters. 

Fig.  2-5  shows  the  general  layout  of  the  fundamental 
installations  of  powerf ul/thich  thermal  district  power  plant,  at 
which  it  is  not  difficult  to  oe  disaantled/selected,  being  guided  by 
that  presented  above  and  by  the  elucidating  text  under  figure. 

Steam-turbine  central  heating  power  plants  (heat  and  power 
plant)  are  intended  for  the  supply  the  users  with  not  only 
electrical,  but  also  thermal  energy.  For  the  transmission  from  such 
stations  of  thermal  energy  as  heac-transfer  agent  apply  depending  on 
the  type  of  user  steam  or  hot  water.  The  place  of  the  installation  of 
heat  and  power  plants  is  determined  by  the  conditions  of  the 
transport  of  thermal  energy. 

Fig.  2-6  gives  the  fundamental  thermal  circuit  of  heat  and  power 
plant  in  that  its  part  in  which  it  differs  from  the  diagram  of 
condensation  power  plant  by  Fig.  2-3  (is  accepted  the  sane  numbering 
of  elements/cells)  . 
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The  entering  the  turbine  overheated  steam  PP  (Pig.  2-6)  passes 
the  part  of  the  steps/stages  of  turbine  and,  being  expanded,  it 
completes  the  mechanical  work;  in  this  case  its  pressure  and  enthalpy 
they  decrease.  Then  certain  guantity  of  steaa  PO  is 

abstracted/reaoved  from  the  intermediate  steps/stages  of  turbine  for 
district  heating  and  the  regenerative  preheating  of  feed  eater. 
Remainder/residue  of  steaa  passes  the  reaaining  steps/stages  of 
turbine  and  it  is  expanded  to  final  condenser  backpressure, 
completing  in  this  case  aechanical  work. 


Fig.  2-5.  Fundamental  installations  of  powerful/thick  thermal 
district  power  plant.  1  -  pile  of  carbon/coal;  2  -  bridge  grab  carbon 
tap/crane;  3  -  closed  pier  of  belt  conveyors  from  storage  into  the 
coal  breakers;  4  -  coal-crushing  location;  5  -  closed  pier  of  belt 
conveyors  from  coal  breakers  into  the  bunker  location  of  the  boiler 
room;  6  -  boiler  room;  7  -  the  chimney  stacks;  8  -  machine  room;  9  - 
reservoir;  10  -  coast  pumping;  11  -  building  of  control  board;  12  - 
transient  bridge;  13  -  open  distributor  110  kg;  14  -  the  sane  220  kT; 
15  -  waste/exiting  electric  power  lines  110  kV;  16  -  transformer 
workshop;  17  -  official  housing. 
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Fiq.  2-6.  Fundamental  thermal  circuit  of  heat  and  power  plant. 


Key:  (1).  From  boiler.  (2).  In  boiler.  (3).  Machine  room.  (4).  Steam 
for  production.  (5).  Hater  from  central  heating  network/grid.  (6). 
Hot  water  into  central  heating  network/grid.  (7).  Power  supply.  (8). 
Local  network/grid.  (9).  oistrioutor  of  generator  voltage.  (10). 
Distributor  of  increased  voltage.  (11).  kv. 
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Steam  from  central  heating  selections  it  enters  directly  the 
production  or  into  water  neater  (boiler)  25,  through  which  by 
supply-line  pump  26  drives  away  itself  the  water,  utilized  for  the 
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heating  of  buildings  and  other  needs  of  municipal  services  and 
industrial  enterprises.  Condensate  KP  from  eater  heater  is  pumped 
over  by  pump  27  into  deaerator. 

1  ■->  beaming  is  supplied  when  near  station  are  industrial 
enterprises,  which  require  steam  for  their  technological  process. 

A  quantity  of  selec ted/taken  from  intermediate  steps /stages  of 
turbine  steam  is  determined  by  the  requirement  of  thermal  users  for 
hot  water  and  steam. 

Ose  for  district  heating  of  the  partially  exhaust  steam  from  the 
intermediate  steps/stages  of  turbine  decreases  a  quantity  of  steam 
that  enters  its  capacitor/condenser  and,  consequently,  also  the  loss 
of  heat  with  circulation  water.  Entire  heat,  which  is  contained  in 
hot  water  and  steam  which  enter  from  station  into  central  heating 
network/grid,  is  considered  the  usefully  tempered  heat. 

The  overall  efficiency  of  heat  and  power  plants,  the  considering 
tempering  to  users  of  both  forms  of  energy  -  electrical  and  thermal, 
reach  60-70o/o  and  even  it  is  more.  This  efficiency  characterizes  the 
overall  use  of  energy  of  fuel/propellant  on  heat  and  power  plants.  It 
is  obvious  that  the  efficiency/cost-effectiveness  of  the  work  of  heat 
and  power  plant  depends  on  the  value  of  selection  of  steam  for 
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thermalization.  With  the  decrease  of  a  quantity  of  steaa  that  enters 
the  capacitors/condensers  of  central  heating  of  turbine,  efficiency 
of  heat  and  power  plant  grows/rises. 

In  the  case  of  full  of  the  absence  heat  distribution  into 
central  heating  network/grid  the  turbines  work  in  the  condensation 
mode/conditions;  with  this  efficiency  of  station  usually  do  not 
exceed  28-32o/o. 

From  the  aforesaid  it  follows  that  the  most  econoaical 
mode/conditions  of  the  work  of  heat  and  power  plant  is  its  work  on 
the  graph/curve  of  thermal  consumption,  i. e. ,  with  the  control  of 
ad  fission  of  steam  into  turbines  with  respect  to  its  selection  to 
district  heating  with  minimum  passage  of  steam  into 
capacitor/condenser.  A  smallest  possible  quantity  of  steam  that 
passes  the  latter/last  steps/stages  of  turbine  and  entering  the 
capacitor/condenser,  it  is  indicated  by  the  manufacturing  plant  of 
turbine  from  the  considerations  of  the  work  of  its  latter/last 
steps/stages. 


Since  the  modes/conditions  of  the  work  of  thermal  and  electrical 
users  are  different,  the  realization  of  the  mode/conditions  of  the 
work  of  heat  and  power  plant  indicated  is  possible  only  with  of  its 
to  multiple  operation  with  othec  power  stations  of  power  system  - 
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thermal  and  hydroelectric. 

Actually/really,  if  heat  and  power  plant  works  in  parallel  with 
power  system,  then,  regulating  adaission  of  steam  into  its  turbines 
in  accordance  with  heat  reguirement  for  the  needs  of  district 
heating,  we  obtain  some  specific  electric  energy  generation.  If  a 
quantity  of  generated  at  station  electric  power  exceeds  the 
requirement  for  it  of  local  users,  then  the  part  of  electric  power  is 
transmitted  to  the  network/grid  of  power  system  with  the  appropriate 
simultaneous  decrease  of  the  load  of  other  in  parallel  working  power 
plants  (he  is  regulated  by  the  dispatcher  of  power  system,  see  §3-4)  . 
On  the  other  hand,  if  a  guantity  of  developed  electric  power  is 
insufficient  for  coating  of  the  reguirement  of  the  local  users  of 
station,  then  supplementary  electric  power  takes  away/gathers  from 
the  network/grid  of  power  system  with  the  the  simultaneous 
corresponding  increase  in  the  load  of  other  power  plants  of  system. 

Is  such  a  somewhat  simplified  picture  of  the  control  of  the 
mode/conditions  of  the  work  of  heat  and  power  plant  in  power  system. 
In  the  various  operating  cycles  of  one  or  the  other  power  system, 
which  has  its  special  features/peculiarities,  deviate  from  the 
control  of  mode/conditions  the  work  of  heat  and  power  plant  for  the 
qraph/curve  of  thermal  consumption  and  increase  the  electrical  load 
of  heat  and  pow»r  plant  over  that  electrical  power,  which  its 
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aggregates/units  develop  with  work  on  the  graph/curve  of  thermal 
consumption  (in  the  limits  of  tha  nominal  power  of  aggregates/units) 
with  the  appropriate  increase  of  the  passage  of  steam  into  turbine 
condensers.  Such  modes/conditions  of  the  work  of  individual  heat  and 
power  plants  sometimes  can  be  justified  by  working  conditions  of 
power  system  as  a  whole,  and  sometimes  also  by  the  conditions  of 
providing  the  steadiness  of  the  power  supply  of  users. 

At  the  same  time  one  should  consider  that  on  heat  and  power 
plants,  especially  on  those  wnich  work  on  imported  fuel/propellant, 
the  prime  cost  of  electric  power,  developed  in  condensation 
mode/conditions,  as  a  rule,  proves  to  be  higher,  rather  than  on  the 
powerful/thick  thermal  district  power  plants,  which  work  on  local 
fuel/propellant,  but  all  the  more  on  hydroelectric  stations. 
Exception/elimination  can  be  the  powerful/thick  heat  and  power 
plants,  which  work  on  very  cheap  natural  gas. 

Page  27. 

The  supply  with  thermal  and  electrical  energy  of  users  from  heat 
and  power  plants,  i.e, ,  combined  consumption/production/generation  on 
heat  and  power  plants  of  both  forms  of  energy,  gives  the  considerable 
fuel  economy,  sometimes  wnich  reaches  by  15-25o/o  in  comparison  with 
the  fuel  consumption  with  separate  powering,  i.e.,  with  the  electric 
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power  supply  from  condensation  power  plants  and  heat  supply  from 
special  boiler  installations  £2-1]. 

Centralized  heat  supply  by  hot  water  and  vapor  froa  heat  and 
power  plants  makes  it  possible  to  eliminate  the  numerous  saall/fine 
uneconomical  heating  and  industrial  boiler  installation  of  the  users 
who  moreover,  frequently  work  on  long-range  high-energy  propellant. 

Heat  and  power  plants  usually  are  installed  in  iamediate 
proximity  to  users;  therefore  electric  power  of  then  is  distributed 
in  essence  over  generator  voltage  6  or  10  kV,  as  shown  in  diagraa  in 
Fig.  2-6.  For  the  nourishment  of  the  distant  users,  and  also  for  the 
connection/communication  of  station  with  the  electric  systea  of  power 
system  on  heat  and  power  plants  usually  install  the  raising 
substation  with  secondary  voltage  35  or  110  kV. 

The  possibility  of  the  wide  application  of  gas  on  power  plants 
creates  favorable  ones  conditions  for  positioning/arranging  the  heat 
and  power  plants  directly  in  cities. 

On  Soviet  heat  and  power  plants  are  installed  central  heating 
turbine  units  in  power  to  50  HM  inclusively.  Is  projected/designed 
the  central  heating  turbine  unit  with  a  power  of  100  HM. 
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Prom  the  examination  of  the  tachnological  process  of  steaa 
turbine  power  plants  it  is  evident,  what  large  nuaber  of  different 
auxiliary  (official)  mechanisas  services/aaintains  the  production 
process  of  thermal  power  plants.  For  the  drive  of  these  aechanisas 
are  applied  predominantly  squirrel-cages  motor. 

The  stop  of  some  of  the  mechanisms,  even  to  small  period, 
entails  either  dead  lock  of  aggregate/unit  or  considerable  decrease 
in  its  load.  For  example,  the  stop  of  blast  fan,  exhaust  fan  or  feed 
pump  entails  the  stop  of  the  boiler;  the  stop  of  circulation  or 
condensate  pump  leads  to  the  need  for  the  stop  of  turbine  unit,  etc. 

Electrical  stations  with  engines  install  small  power  as 
agricultural  stations,  stations  on  forest  exploitations  and  the  like 
when  it  is  not  possible  to  obtain  electric  power  froa  any 
po wee  ful/thick  station  and  when,  in  a  sufficient  quantity, 
fuel/propellant  is  present,  for  engines  -  local  solid  fuel  or  most 
frequently  withdrawals/departures  from  the  production  -  agricultural, 
woodworking,  etc. 

Engine  is  the  aggregate/unit,  which  consists  of  steaa  boiler 
froa  thin  and  steam  machine. 


Steam  from  boiler  it  enters  steam  engine  which  with  the  aid  of 
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belt  drive  revolves  electric  generator.  The  generators  of  such 
stations,  as  a  rule,  have  voltage  to  380/220  V  and  less  than  6  k¥,  if 
it  is  necessary  to  supply  users  in  a  radius  of  several  kilometers. 
Efficiency  of  stations  with  engines  approximately /exeaplarily 
11-12o/o. 

Power  plants  with  internal  coabustion  engines  are  installed  also 
coaparati vely  small  power,  usually  into  several  hundred,  aaxiaua  of 
thousands  of  kilowatts,  and  only  when  the  power  supply  of  users 
cannot  be  realized  fros  local  exchanges  and  when  according  to  local 
conditions  cannot  be  constructed  steam  station  with  engines  or 
hydroelectric  stations.  As  pnaary  motor/engines  can  be  used  any 
internal  combustion  engines,  but  aost  freguently  are  applied  diesels. 
These  engines  can  work  on  liquid  propellant  (oil,  petroleum  residue) 
and  gas. 

The  efficiency  of  power  plants  with  diesels  attains  32-33o/o.  If 
we  utilize  waste  heat  for  preheating  water,  necessary  for 
public-service  (bath,  laundry,  etc.)  or  production  needs,  then  plant 
efficiency  can  be  somewhat  increased. 

In  the  presence  of  local  solid  fuel  is  possible  the  installation 
of  station  with  the  internal  coabustion  engines,  gas-fired,  obtained 
in  gas  generator  units.  In  gas  generator  the  solid  fuel  burns  with  an 
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insufficient  quantity  of  air,  as  a  result  of  which  is  formed  the 
combustible  gas,  utilized  in  internal  combustion  engines.  Gas 
generators  can  work  on  any  local  fuel/propellant  and  any  organic 
industrial  wastes  -  agricultural,  woodworking,  etc. 

2-3.  Hyd roelectric  stations. 


The  water  in  river,  which  takes  place  in  direction  from  source 
to  mouth,  gradually  trips  (seemingly  it  falls)  from  certain  height  to 
the  mark,  which  corresponds  to  the  level  of  its  mouth.  In  this  case 
the  water  completes  the  work,  connected  mainly  with  eroding/scouring 
of  soil  and  its  displacement/moveaent  in  the  direction  of  the  flow  of 
river,  and  also  with  the  assumption  of  frictional  forces  between 
randomly  movinq/driving  particles  of  water  within  flow  itself.  The 
greater  the  flow  of  river  and  the  gradient  of  its  river  bed,  the 
greater  energy  of  water  flow.  Flow  call  the  total  space  of  water, 
which  takes  place  during  any  time  (days,  month,  year)  through  this 
alignment  (section)  rivers. 


Hydroelectric  stations  are  installations  in  which  water  energy 
is  utilized  for  the  production  of  electric  power. 


Page 
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Primary  motor/engines  of  electric  generators  on  hydroelectric 
power  plants  are  the  h ydroturbines  in  which  potential  and  kinetic 
hydraulic  power  is  converted  into  the  mechanical  energy,  utilized  for 
rotating  the  generators. 

The  power,  developed  by  a  hydroturbine  (net  power  on  its  shaft), 
depends  on  a  quantity  of  passing  through  it  water  and  value  of  the 
pressure  head: 


PT  =  I  000  Qff\\  [  itg-a/s],  (2.1) 

where  0  -  a  quantity  of  water,  passing  through  the  turbine,  the  aa/s; 

H  -  value  of  the  pressure  head  (depth  of  fall)  of  water,  ■; 

\  -  efficiency  of  the  water  supply  installations,  which 
considers  loss  of  head  in  then  (for  example,  in  tubes,  on  which  the 
water  is  fed/conducted  to  turbine  and  is  abstracted/renoved  fro*  it); 

■•It-  efficiency  of  hydroturbine  (for  the  hydroturbines  of 
average  and  large  power  0.88-0.94). 

It  is  known  that  1  kV)f=102  kg-*/s;  therefore  electrical  terminal 


horsepower 
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/>r=JH^W)r  =  9.81  QH*  CkW  J,  (2-2) 

where  '*r  -  efficiency  of  hydraulic  generator  (for  the  hydraulic 
generators  of  average  and  large  power  0.  95-0.98); 

*1  —  '’Ic  tlr  \  „  efficiency  of  the  hydroelectric  power  plant  (for 
contemporary  hydroelectric  power  plants  it  reaches  value  of 
0.  85-0.86)  . 

Prom  formula  (2-2)  it  is  possible  to  draw  the  conclusion  that 
the  power  of  hydroelectric  power  plant  is  determined  by  the  available 
expenditure/consumption  of  water  Q  and  by  the  value  of  pressure  head 
H:  the  greater  these  values,  large  power  can  develop  the 
aggregates/units  of  station. 

On  the  hydroelectric  power  plants,  planned  on  plains  rivers,  the 
necessary  pressure  head  h  is  created  by  dan,  and  in  certain  cases  and 
by  the  building  of  station,  which  adjoins  the  dan  and  by  its  being  as 
continuation  (Pig.  2-7). 


The  water  area  before  dam  3  is  called  headwater  1,  but  below 
dans  -  by  lower  reach  2.  The  existence  of  phases  of  the  levels  of  the 


DOC  =  79134802 


PAGE 


upper  and  lower  reaches  is  pressure  head  H  of  installation.  The 
higher  the  dam,  the  greater  the  pressure  head  H  and,  consequently, 
also  the  power  of  hydroelectric  power  plant. 

From  the  side  of  the  headwater  usually  are  formed  the  reservoir, 
employee  for  the  accumulation  of  tne  water,  utilized  in  proportion  to 
necessity  for  electric  energy  generation.  With  an  increase  in 
altitude  of  dam  increases  the  space  of  reservoir. 

Plains  of  rivers  have  comparatively  flat  and  low  shores; 
therefore  the  creation  on  them  of  the  high  pressure  heads  H  is 
hindered/hampered  by  the  fact  that  to  ten  and  hundreds  of  kilometers 
upstream  occurs  the  considerable  inundation  by  the  reservoir  of  the 
coasts  of  the  river;  sometimes  the  width  of  reservoir  reaches  several 
ten  kilometers.  The  creation  of  such  reservoirs  is  connected  with  the 
need  of  cutting  fore sts/scaf folding  and  the  transference  of  a  large 
number  of  villages  and  industrial  enterprises,  but  sometimes  also  the 
small  cities,  arranged/located  on  the  coasts  of  river  and  falling 
into  flooded  area.  Sometimes  it  is  necessary  to  partially  reorganize 
railroads  and  railroad  bridges,  to  create  water-shielding 
installations  (dam)  for  protection  from  the  inundation  of  major 
enterprises,  districts  of  the  large/coarse  cities,  important  for  the 

agricultural  production  of  the  earth/ground. 

In  hydro-electric  station  on  plains  river  are  included;  the  dam, 
the  building  of  station,  navigable  sluice. 


DOC 


79134802 


PAGE 


Fig.  2-7.  Diagram  of  channel  hydroelectric  power  plant,  a)  the 
diagram  of  the  creation  cf  pressure  head  by  the  dan;  b)  the  schematic 
plan/layout  of  hydro-electric  station. 

Page  29. 

Daa  is  the  most  critical  and  important  installation  of 
hydroelectric  power  plant.  Daas  are  spillway  and  dead/blind. 


Overfalls  serve  not  only  for  the  creation  of  the  necessary 
pressure  head,  but  also  for  discharge/break  in  the  necessary  reach  of 


DOC  =  79134802 


PAG£  0jp 


overflow  water  with  the  overfilling  of  reservoir,  which  occurs  mainly 
with  seasonal  floods.  Overfalls,  usually  planned  fro*  concrete,  have 
the  water  openings/apertures,  overlapped  with  aetallic  panels  or 
locks  with  the  aid  of  which  regulate  discharge/break  the  water  froa 
the  headwater  into  lower. 

Dead/blind  dams  do  not  have  water-outflow  openings/apertures  and 
serve  only  for  the  creation  of  the  necessary  pressure  head. 

Dead/blind  dams  are  concrete  and  earth.  In  recent  years  on  the  Soviet 
hydroelectric  power  plants,  planned  on  plains  rivers,  use  extensively 
dead/blind  earth  dams  as  most  simple  and  cheap. 

With  small  pressure  heads  the  most  widely  used  type  of  blind 
hydroelectric  power  plants  are  river-bed  hydroelectric  power  plants 
(Pig.  2-7b)  ,  in  which  the  building  of  station  5  enters  into  the 
general/common/total  front  of  water-pressure  installations,  i.e. ,  it 
appears  as  the  continuation  of  dam  (3  -  concrete  overfall;  4  - 
concrete  dead/blind  dam).  Water  to  h ydroturbines  6  is  fed/conducted 
through  inlets  7  and  is  abstracted/removed  fron  the  hydroturbines 
throuqh  suction  tubes  8. 

Por  the  passage  of  ships  serve  single-chamber  sluice  9  and 
approach  channels  10  and  11. 
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An  example  of  river-bed  hydroelectric  power  plants  are  Oglichsk, 
Rybinsk  and  Gor'kiy  GES  in  Volga  and  many  others. 

In  recent  years  are  installed  the  river-bed  hydroelectric  power 
plants,  in  which  in  the  building  of  station  are  placed  not  only  the 
openings/apertures  for  a  water  supply  to  hydroturbines,  but  also  the 
water-outflow  openings/apertures,  normally-closed  with  panels  or 
locks  and  which  use  for  the  discharge/break  of  flood  water  froe  the 
headwater.  Therefore  considerably  is  reduced  the  length  of  spillway 
concrete  dam  with  the  appropriate  increase  in  the  length  of 
dead/blind  earth  dam,  which  gives  the  considerable  savings  of  weans 
and  materials.  Sometimes  all  water-outflow  installations  can  be 
placed  in  the  limits  of  machine  room  in  the  case  of 

fu  11/tot.al/complet e  failure  of  the  installation  of  spillway  concrete 
dam. 


An  example  of  combined  type  river-bed  stations  are  largest  Volga 
of  the  name  of  V.  I.  Lenin  and  staiingradskaya  hydroelectric  power 
plants  in  Volga. 

With  pressure  heads  wore  than  30-35  m  usually  install  near-daw 
type  hydroelectric  power  plants,  whose  building  of  station  directly 
pressure  head  does  not  receive  and  is  arranged/located  after 
dead/blind  concrete  dam  from  the  side  of  the  lower  reach  (Fig.  2-8). 
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In  the  body  of  concrete  dam  i  pass  delivery  conduits  9,  on  which 
the  water  from  headwater  1  proceeds  to  h yd rcturbines  8.  This  location 
of  building  accept  by  the  series/row  of  stations,  for  example,  on 
Dneprovsk  hydroelectric  power  plant  (calculated  pressure  head  38  m) , 
on  the  projected  fraternal  hydroelectric  power  plant  on  hangar 
(calculated  pressure  head  of  approximately  100  a)  and  on  many  others. 

Fig.  2-9  in  the  form  of  an  example  gives  the  cross  section  of 
near-dam  hydroelectric  power  plant  with  the  location  of  building  12 
after  dam  3,  from  the  side  of  lower  reach  2.  Hater  from  headwater  1 
on  delivery  conduit  4  enters  volute  chamber  8,  which  encompasses  the 
wheel  of  hydroturbine  9.  From  volute  chamber  the  water  enters 
impeller  vanes  of  turbine,  and  then  through  suction  tube  10  leaks  off 


into  the  lower  reach 
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Pig.  2-8.  Diagram  of  near-dam  h  yaroelectric  power  plant.  1  - 
headwater;  2  -  the  lower  reach;  3  -  dead/blind  concrete  dam;  4  - 
spillway  concrete  dam;  5  and  6  -  earth  dams;  7  -  building  of  the 
station;  8  -  hydroturbine;  9  -  pressurized  pipelines;  10  -  suction 
tubes;  11  -  two-chamber  sluice;  12  and  13  -  approach  channels. 

Page  30. 

Volute  chamber  8,  which  has  the  changing  cross  section,  provides 
uniform  water  supply  tc  impeller  of  turbine  and  serves  for  the 
gradual  translation/conversion  of  rectilinear  forward  motion  of  water 
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curvilinear. 

The  vertical  shaft  of  turbine  is  connected  with  the  vertical 
shaft  of  hydraulic  generator  11,  which  is  established/installed  in 
nachine  room. 

Manufactured  by  generator  electric  power  enters  the  closed 
distributor  of  generatcr  voltage  14,  and  free  it  into  step-up 
transformer  15,  asta blished/installed  in  the  open  air.  Proa 
transformer  along  aerial  line  1b  electric  power  enter  the  open 
distributor  of  the  increased  voltage  (in  Fig.  2-9  it  is  not  shown), 
but  from  it  into  the  network/grid  of  power  systea.  Cable  17  shields 
aerial  line  from  the  direct  iapacts  of  lightning. 

Lock  6  serves  for  the  cessation  of  water  inflow  into  delivery 
conduit  4.  During  repairs  in  slots/grooves  5  is  omitted  repair  lock. 
Tap/crane  7  serves  for  settling  and  lifting  the  locks. 

Machine  room  is  eguipped  by  bridge  crane  13,  necessary  during 
mounting  and  reoaits  of  aggregates/units. 

On  mountainous  rivers  the  necessary  pressure  head  can  be  created 


by  using  the  considerable  natural  gradients  (incidences/drops)  of 
these  rivers.  l«=>t  in  range  a  (fig-  2-10)  bench  mark  of  river  compose 
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lK  jabove  sea  level,  and  in  range  B  -  respectively  Wg*n  then  in 
section  AB  the  natural  gradient  of  river,  or,  which  is  the  sane 
tiling,  a  difference  in  the  water  levels  in  the  beginning  and  end/lead 
of  the  section  AB,  cob  prises  Wp  =  //A  —  Thus  there  is  that 
difference  in  the  horizons/leveis  (pressure  head)  and  it  is  possible 
to  utilize  by  installing  a  deviation  hydroelectric  power  plant. 
Derivation  installations,  this  of  the  installations,  which  go  around 
fundamental  river  bead:  diversion  channels,  tunnels,  tubes. 

The  diagram  of  derivation  installation  is  given  in  Pig.  2-10.  In 
the  beginning  of  the  utilized  section  of  river  is  arranged/located 
water  intake  1,  through  which  the  water  enters  diversion  channel  2, 
and  from  it  into  pressure  basin  3.  Dam  7  serves  for  providing  the 
approach  of  wafer  into  diversion  channel.  The  latter  is  laid  with 
very  small  gradient,  several  times  of  smaller  than  natural  gradient 
H pOf  river  in  section  AB.  Therefore  pressure  head  M  on  the  turbines 
of  hydroelectric  power  plant  is  temporarily  less  than  gradient  Hp< 

From  pressure  basin  3  water  along  delivery  pipes  4  enter 
hydroturbines,  which  are  located  in  machine  room  5.  Prom 
hydroturbines  the  water  along  diverter  6  returns  to  river,  but 
already  in  range  B. 

With  the  aid  of  dam  7  it  is  Dossible  to  create  artificial 
reservoir  with  the  specific  water  supply  and  to  additionally  raist 

water  level,  after  increasing  pressure  head  on  the  turbines  of 

hydroelectric  power  plant. 
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creation  of  pressure  head. 

Key:  (1) .  River. 

Pa  ge  31. 

Such  installations  in  which  the  pressure  head  is  partially  created  by 
dam  and  partially  by  derivation,  call  dead-deri vation  or  sized. 

In  derivation  installation  are  included:  1)  the  head  assembly, 
which  consists  of  dam  and  water  intake;  2)  derivation  installations  - 
channels,  tunnels,  pipelines;  3)  tne  station-type  assembly  into  which 
enter  pressure  the  basin  and  pipelines,  building  of  station, 
diverter . 

In  the  OSSR  are  constructed  several  large/coarse  derivation 
hydroelectric  power  plants,  also,  among  them:  the  hydroelectric  power 
plant  of  the  Sevansk  cascade/stage  (on  r.  it  is  given)  -  Kanakersk, 
Ozernaya  and  Gyumushsk;  Khramsk  -  on  the  river  Khram;  ZAGES  -  on  the 
river  Kur;  Farkhads  -  in  Central  Asia;  Niva-3  -  in  the  Kol'skiy 
peninsula  and  a  number  of  others. 


Under  conditions  of  planned  socialist  economy  during  the 
installation  of  hydroelectric  power  plants  are  solved  not  only  energy 
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problems,  bat  also  complex  of  other  iaportant  nations 1-economic 
problems:  an  improve nent  in  the  navigation,  irrigation  and  irrigation 
of  the  arid  earth/ground,  iaproveaent  in  the  water  supply  of  cities 
and  industrial  enterprises.  In  certain  cases  through  the 
water-engineering  constructions  of  hydroelectric  power  plants  run  the 
highways  and  railway  lines. 

Hydroelectric  power  plants  give  to  national  econony  the  savings 
of  a  large  quantity  of  fuel/propellant  and  free/release  transport 
from  its  transport. 

On  hydroelectric  power  plants  comparatively  easily  is  realized 
the  automation  of  the  production  process  which  is  considerably 
simpler  than  the  production  process  of  thermal  power  plants  (mainly 
as  a  result  of  the  absence  of  fuel  economy  and  boiler  with  all 
auxiliary  services).  There  are  fully  automated  hydroelectric  power 
plants.  On  hydroelectric  power  plants  is  considerably  less  the  volume 
of  repair  work.  As  a  result  of  entire  this  the  number  of  personnel  on 
hydroelectric  stations  is  considerably  less  than  on  thermal  power 
plants  of  the  same  power. 

Because  of  smaller  operating  costs  the  prime  cost  of 
manufactured  electric  power  on  hydroelectric  power  plants  several 
times  is  less  (usually  3-5  times),  than  on  thermal  power  plants. 
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A  large/coarse  def iciency/lack  in  the  hydroelectric  power  plants 
is  the  considerably  larger  cost/value  of  their  installation  in 
conparison  with  the  theraal  power  plants  of  the  sane  power,  which  is 
explained  by  the  mainly  large  volume  of  earth  and  construction  work 
during  the  installation  of  hydroelectric  power  plants.  True,  in  the 
process  of  operating  the  hydroelectric  power  plants  this  difference 
in  first  costs  fast  enouga  is  redeemed  due  to  the  smaller  priae  cost 
of  electric  power  on  hydroelectric  stations. 

An  important  de f iciency/lacx  in  the  hydroelectric  power  plants 
are  the  large  period  of  taeir  installation,  the  considerably 
exceeding  period  of  the  installation  of  the  same  according  to  the 
power  of  thermal  power  plants. 

Taking  into  account  these  deficiencies/lacks  in  the 
hydroelectric  power  plants  and  on  the  basis  of  the  need  to  aaxiaally 
accelerate  the  development  of  power  engineering  of  the  country,  which 
more  narrowly  was  discussed  into  $1-3,  seven-year  the  plan/layout  of 
the  development  of  national  economy  for  1959-1965  provides  for 
certain  teaporar y/time  reduction  of  the  construction  of  hydroelectric 
power  plants  during  the  aaxiaum  development/scanning  of  the 
construction  of  powerful/thick  theraal  power  plants. 
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The  place  of  the  installation  of  hydroelectric  power  plants  is 
selected  taking  into  account  the  aost  advisable  use  of  energy  of  the 
water  flow:  attempt  to  obtain  largest  possible  electric  energy 
generation  and  the  power  of  station  with  the  ainieua  expend! tares  of 
materials  and  resources  for  the  installation  of  hydraulic  station, 
including  expenditures  fcr  the  preparation  of  the  bed  of  the 
reservoir  (see  above),  consider  the  conditions  of  navigation, 
irrigation,  irrigation,  water  supply  of  cities  and  enterprises,  etc. 

Electric  power,  developed  by  the  hydroelectric  power  plants  of 
average  and  large  power,  is  usually  put  out  directly  in  electric 
system  by  the  voltage  35-500  kV  of  power  systems.  In  connection  with 
this  the  diagrams  of  the  electrical  connections  of  the  hydroelectric 
power  plants  of  average  and  large  power  usually  little  differ  froa 
the  diagrams  of  the  electrical  connections  of  thermal  district  power 
plants.  The  principle  of  the  fulfillment  of  this  diagram  is  given  in 
Fig.  2-3:  electric  power  fit  from  generator  15  enters  that  raising  of 
transformer  24,  from  the  latter  by  collecting  mains  SSh  of  35  kv  and 
above,  but  from  them  in  electric  power  line  LEP. 

Together  with  powerful/thick  hydroelectric  power  plants  in  the 


USSR  are  installed  small  hydroelectric  power  plants  by  power  from 
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several  ten  or  hundreds  of  kilowatts  to  several  thousand  kilowatts. 
Intended  mainly  for  the  electrification  of  rural  economy  and  saall 
cities  in  those  regions  where  there  is  no  power  net  of  powerful/thick 
power  plants. 

Page  32. 

From  these  small  hydroelectric  stations,  electric  power  is  usually 
distributed  directly  over  generator  voltage  to  10  kv  inclusively  and 
and  less  at  the  increased  voltage  35  kV. 

Run  off  in  rivers  during  year  changes  and  the  greatest  value  it 
reaches  during  spring  seasonal  flood.  The  best  use  of  energy  of  water 
flow  is  achieved,  in  the  first  place,  with  the  artificial  control  of 
flow  and,  in  the  second  place,  with  the  multiple  operation  of 
hydroelectric  and  thermal  power  plants  on  the  general/coaaon/total 
electric  system  of  power  system. 

If  hydroelectric  power  plant  does  not  have  a  reservoir  (such 
stations  are  encountered  comparatively  rarely),  then  the  node  of  its 
operation  is  determined  by  the  flow  of  river:  with  large  flows  the 
hydroelectric  power  plant  can  develop  total  power  and  put  out  into 
the  network/grid  of  power  system  a  large  quantity  of  electric  power 
with  the  appropriate  decrease  in  the  load  of  the  thermal  power  plant 
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(see  §3-4);  on  the  other  hand,  at  low  run  off  the  load  of 
hydroplant  is  correspondingly  decreased,  and  the  greater  load  Is 
transmitted  to  the  thermal  stations  of  the  power  system. 

On  such  hydroelectric  power  plants  the  large  part  of  the  water  of 

spring  seasonal  flood  is  dumped  through  the  das,  i.e.,  it  is  not 
utilized. 

On  hydroelectric  power  plants  with  reservoirs  of  a  comparatively 
snail  volume  usually  is  realized  the  so-called  diurnal  control  of 
flow.  In  this  case  the  water,  accumulated  in  reservoir  for  the 
specific  hours  of  days,  utilize  for  electric  energy  generation 
comparatively  short-term,  for  several  hours  in  a  24  hour  period,  for 
providing  the  supply  of  users  with  full  loads  the  systems  when  the 
power  of  thermal  power  plants  it  is  insufficient  (the  so-called  peak 
mode/conditions  of  operation  of  stations,  see  §3-4).  In  the  remaining 
hours  of  day  this  hydroelectric  power  plait  works  with  the  fractional 
load,  determined  from  the  conditions  of  filling  of  reservoir  and 
minimally  necessary  passage  of  water  into  lower  bank  (from  the 
conditions  of  navigation,  irrigation,  water  supply  of  enterprises  and 
cities,  etc. ) . 

On  hydroelectric  power  plants  with  the  considerable  space  of 
reservoirs  is  realized  the  annual  control  of  the  flow  when  entire 
flood  water,  with  exception  of  the  water,  expended  by  turbines  of 
hydroelectric  power  plant,  is  delayed  in  the  reservoir  before  the  dan 
and  then  into  remaining  part  the  year  gradually  it  is 
expended/consumed  into  addition  to  the  natural  summer  and  winter 
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flows  of  river.  On  such  hydroelectric  power  plants  can  be  realized 
also  diurnal  of  control  as  this  is  shown  above. 

on  hydroelectric  power  plants  with  the  reservoirs  of  a 
comparatively  small  volume  usually  is  realized  the  so-called  diurnal 
control  of  flow.  In  this  case  the  water,  accumulated  in  reservoir  for 
the  specific  hours  of  day,  utilize  for  electric  energy  generation  is 
comparatively  short-term,  for  several  hours  in  a  24  hour  period,  for 
providing  the  supply  of  users  with  full  loads  the  systems  when  the 
power  of  thermal  power  plants  it  is  insufficient  (the  so-called  peak 
mode/conditions  of  operation  of  stations,  see  §3-4)  .  In  the  retaining 
hours  of  day  this  hydroelectric  power  plant  works  with  the  fractional 
load,  determined  from  the  conditions  of  filling  of  reservoir  and 
minimally  necessary  passage  of  water  into  the  lower  reach  (from  the 
conditions  of  navigation,  irrigation,  water  supply  of  enterprises  and 
cities,  etc. ) . 

On  hydroelectric  power  plants  with  the  considerable  space  of 
reservoirs  is  realized  the  annual  control  of  the  flow  when  entire 
flood  water,  with  exception  of  the  water,  expended  by  turbines  of 
hydroelectric  power  plant,  is  delayed  in  the  reservoir  before  the  dam 
and  then  into  the  remaining  part  of  the  year  gradually  is 
expended/consumed  into  addition  to  the  natural  summer  and  winter 
flows  of  river.  On  such  hydroelectric  power  plants  can  be  realized 
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also  diurnal  control  as  this  is  shown  above. 

In  certain  cases  the  space  of  the  reservoir  of  hydroelectric 
power  plants  on  plains  rivers  does  not  permit  implemention  of 
full/total/complete  annual  control  of  flow.  At  such  stations  is 
realized  the  seasonal  control  when  in  reservoir  is  delayed  only  the 
part  of  the  flood  water;  remaining  part  flood  of  water  is  dumped 
through  the  dam  into  the  lower  reach.  The  delayed  in  reservoir  water 
is  utilized  usually  in  the  winter  months  when  flow  in  river  has 
minimum  value.  Therefore  in  winter  months  the  hydroelectric  power 
plant  can  bear  large  load. 

By  the  control  of  flow  is  provided  the  more  complete  utilization 
of  energy  of  water  flow  and,  consequently,  also  large  electric  energy 
generation  on  hydroelectric  power  plant,  as  a  result  of  which  are 
reached  considerable  fuel  economy  and  reduction  in  the  prime  cost  of 
electric  power  in  system. 

2-4.  The  atomic  power  plants. 

In  1954  in  the  OSSR  was  introduced  in  operation  the  first  in  the 


world  atomic  power  plant  in  power  5000  kw,  using  intranuclear  energy 
for  electric  energy  generation  in  industrial  purposes.  Was  made  the 
first  step/pitch  in  mastecy/adoption  for  the  energy  purposes  of 


DOC  =  79134802 


PAGE 


!<0\ 


energy  of  atomic  nucleus. 


In  1958  was  started  the  first  turn  by  the  power  of  100  HB  of  the 
second  atomic  power  plant  whose  total  power  will  be  600  H H. 

Fig.  2-11  gives  the  simplified  schematic  diagram  of  the  first 
atomic  power  plant  from  which  it  is  evident  that  the  atomic  stations 
are  actually  thermal  steam-turbine  power  plants  whose  role  of  boiler 
unit  perform  nuclear  reactor  1  and  steam  generator  4. 
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Pig.  2-11.  The  simplified  circuit  of  the  atomic  power  plant,  a)  the 
schematic  of  the  working  channel  of  atomic  reactor. 

Page  33. 

As  electric  power  source  is  utilized  the  usual  turbine  unit,  which 
consists  of  steam  turbine  8  and  turbogenerator  14. 

The  energy  source  on  the  first  atomic  power  plant  is  nuclear 
reactor  1,  in  which  occurs  the  fission  chain  reaction  of  the  nuclei 
of  uranium-238  by  slow  neutrons.  As  neutron  moderator  is  used 
graphite. 

Reactor  core  is  made  from  graphite  by  1 5  in  the  form  of  vertical 
cylinder  with  a  large  number  of  vertical  openings/apertures.  Into 
these  openings/apertures  are  inserted  the  so-called  working 
(technological)  channels.  The  very  simplified  circuit  of  this  channel 
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is  shown  on  outline  a  Fig.  2-11:  channel  consists  of  thin-walled 
steel  tube  with  16,  inside  which  is  inserted  plug  17  of  uraniua  in 
the  form  of  the  special  alloy;  within  latter/last  is  placed  (J-shaped 
thin-walled  steel  tube  with  18,  on  which  flows/occurs/lasts  the 
water.  Over  one  half  tube  the  water  flows/occurs/lasts  downward, 
while  on  another  it  returns  upward.  In  the  upper  part  of  the  reactor 
the  ends/leads  of  these  U-saaped  tubes  of  all  channels  are  connected 
into  collectors/rece  ptacles  2  and  3  [2-2]. 

In  process  the  nuclear  fissions  of  uranium  of  plug  17  are  heated 
and  is  given  up  heat  to  the  water,  which  takes  place  in  tubes  with 
18.  The  circulation  of  the  water  through  the  reactor  is  continuously 
supported  by  pump  6. 

In  all  in  the  reactcr  of  128  working  channels  in  long  on  7  a. 
Them  replaces  on  measure  tae  "burn-out"  of  the  fissionable  substance. 

The  intensity  of  reaction,  and  thereby  also  energy  content, 
which  separates  in  reactcr,  are  regulated  by  the  splash  cores,  aade 
from  material,  that  actively  aosorbing  neutrons.  Is  achieved  this  by 
position  control  of  the  rods  indicated  in  special  vertical  reactor 
channels. 


As  can  be  seen  from  diagram  in  Fig.  2-11,  at  station  are 
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realized  two  independent  circulation  loops  of  water. 

of  the  first  outline,  which  consists  of  reactor  1  and  tubes  5  of 
steam  generator  4,  under  the  action  of  circulating  puap  6  always 
circulates  one  and  the  sale  space  of  the  distilled  water,  which  is 
located  under  pressure  100  atm  (tech).  Passing  on  tubes  18  reactors, 
water  is  heated  to  270°c  and  tnen  it  enters  steam  generator  4,  where 
it  gives  up  its  heat  to  water  and  the  steam  of  secondary  circuit. 

From  steam  generator  the  water  with  pump  6  is  supplied  into  reactor. 
Filter  7  serves  for  warning/pce venting  the  incidence/iapingement  into 
the  reactor  of  the  random  weighed  solid  particles. 

The  replacement  of  water  in  the  first  outline  and  the 
completion/replenishment  of  losses  as  a  result  of  possible  escapes 
are  realized  from  tank  by  13  with  the  aid  of  pump  12. 

Secondary  circuit  consists  of  steam  generator  4,  steam  turbine  8 
and  capacitor /condenser  9. 

Forming  in  steam  generator  of  steam  at  a  pressure  12.5  atm(abs.) 
and  temperature  260°C  enters  steam  turbine  and  from  it  into  the 
capacitor /condenser  where  it  is  cooled  by  circulation  water  by  TsV, 
supplied  with  pump  10.  Feed  puap  11  supplies  condensate  from 
capacitor/condenser  into  steam  generator. 
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With  the  work  of  nuclear  reactor  appear  the  radioactive 
radiations,  moreover  special  danger  for  people  represent  neutrons  and 
gamma-rays,  in  large  quantities  generated  by  reactor.  In  order  to 
fence  the  service  personnel  from  the  harmful  effect  of  neutrons  and 
gamma-rays,  reactor  is  surrounded  by  the  protection  which  consists  of 
the  layers  of  water  (with  a  thickness  of  1m),  concrete  (with  a 
thickness  of  3  m)  and  cast  iron  (with  a  thickness  of  0.25  m)  . 

Primary  wa*er,  passing  through  the  reactor,  acquires 
radioactivity.  Mater  of  its  secondary  circuit  does  not  have. 
Consequently,  by  the  use/applrcatron  of  two  circulation  loops  of 
water  is  provided  the  safety  of  servicing  turbine  and  its  accessory 
equipment  . 

All  the  equipment  of  the  first  outline  (steam  generator  4,  pump 
6,  etc.)  is  placed  in  the  separate  shielded  cabins. 

In  all  at  the  stations  are  established/installed  four  steam 
generators,  of  which  one  -  stand-by.  With  load  of  5000  kB  the  station 
ex pends/consuraes  in  the  days  of  approximate! y/exemplarily  30  g  of 
uranium.  The  steam-turbine  condensation  power  plant  of  the  same  power 
and  with  the  sane  load  expends/consumes  in  a  24  hour  period  to 
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100-110  t  of  Moscow  brown  coal. 

The  atonic  power  plants  can  be  installed  both  with  the 
condensation  on°s  and  witn  central  heating  turbines.  With  respect  to 
this  their  thermal  circuits  can  be  fulfilled  analogously  with  the 
diagrams,  given  in  Fig.  2-  J  or  2-6. 

In  1959-1965  in  the  USSR  will  be  constructed  several 
large/coarse  atomic  power  plants.  This  they  will  be  of  power  plant  in 
power  on  400-600  MW,  ana  possibly  also  more  powerful/thick. 

Page  34. 

For  gaininq  of  the  experience  of  construction  and  operation  are 
installed  the  power  plants  from  somewhat  different  flow  charts  and 
turbine  units  different  power  in  the  different  initial  parameters 
of  steam.  Large/coarse  power  plants  will  be  equipped  by  the  reactors, 
which  use  as  hea t- tr an sf er  agent  and  neutron  moderator  usual 
pressurized  water,  and  by  the  reactors,  which  use  an  ordinary  water 
or  steam  as  heat -trans fer  agent  and  graphite  as  retarder. 

Installation  in  the  future  of  powerful/thick  atonic  power 

plants,  especially  in  regions,  which  do  not  have  local 

fuel/propellant  and  not  havina  available  the  sources  of  hydroelectric 
energy,  will  be  a  powerful  stimulus  of  further  development  of  soviet 

power  engineering  and  all  fields  of  the  national  economy  of  the  USSR. 
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Chapter  Three. 


GENERAL  INFORMATION  ABOUT  ELECT  6IC3  OF  THE  POWER  PLANTS  AND  POWER 
SY STEMS. 


3-1.  Systems  of  current.  Nominal  voltages. 

Electric  power,  developed  by  power  plants,  they  transmit  to 
different  distances  depending  on  the  distance  of  power  plants  from 
the  users  of  electric  power.  The  greater  the  extent  of  the  lines  of 
electric  system  and  the  transmitted  by  them  electrical  power,  the 
more  advantageous  it  is  to  transmit  electric  power  with  high  voltage. 

with  an  increase  in  the  voltage  in  the  wires  of  electric  system 
decreases,  as  a  result  of  which  the  same  electrical  power  can  be 
transmitted  by  the  wires  of  smaller  sections.  Decrease  energy  losses 
in  electric  system. 

Since  electric  generators  and  receivers  are  constructed  to  the 
specific  standard  voltages  (see  below),  then  during  the  construction 
of  the  electric  systems  cf  high  voltage  is  usually  necessary  to 
chanqe  voltage,  and  sometimes  several  times  (see  Fig.  3-5  and  3-8). 
Most  simply  and  economically  such  conversions  of  voltage  are  realized 
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with  alternating  current  with  the  aid  of  power  transf oners.  At  the 
sane  time  one  ought  not  to  conclude  that  it  is  always  necessary  to 
approach  the  use/application  of  high  voltages.  The  fact  is  that  in 
proportion  to  an  increase  in  the  voltage  grow/rise  both  the  initial 
expenditures  for  the  construction  of  network/grid  and  transformer 
substations  and  the  expenditures  for  their  naintena nce/ser vicing. 
Therefore  at  certain  value  of  high  voltage  the  supplementary 
ex  pen ditu res/c on sumpti ons  indicated  will  not  already  covered  by 
savings  from  the  decrease  of  the  energy  losses  and  section  of  wires. 
In  each  individual  case  the  hignest  voltage  is  determined  by  the 
appropriate  technical-economic  calculations. 

In  the  USSR  for  production  and  electrical  power  distribution  is 
accepted  alternating  three-phase  current  with  the  frequency  of  50  Hz. 
The  use/a pplication  of  a  tnree-phase  current  is  explained,  in  the 
first  place,  by  the  larger  efficiency/cost-effectiveness  of 
networks/grids  and  installations  of  three-phase  current  in  comparison 
with  networks/grids  and  by  tae  installations  of  single-phase 
alternating  current  and,  in  the  second  place,  by  the  possibility  of 
use/application  in  the  industry  of  the  three-phase  asynchronous 
electric  motors,  which  are  most  reliable,  cheap  and  simple  of  all 
existing  types  of  electric  motors. 


In  a  number  of  the  branches  of  industry  together  with 
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three-phase  current  is  applied  direct  current  for  electric  drive, 
electrolysis  in  chemical  industry  and  nonferrous  metallurgy 
(production  of  aluminum,  zinc,  etc.)  and  other  purposes. 

The  electric  motors  or  direct  current  are  applied  when  according 
to  the  conditions  for  technological  process  is  necessary  the  wide  and 
steady  control  of  the  rate  of  production  mechanisms.  Furthermore, 
direct  current  is  used  extensively  for  the  electrified  transport.  The 
users  indicated  they  usually  supply  by  direct  current  from  the  rotary 
substations,  which  convert  three-phase  current  into  current  constant. 
As  converters  most  are  used  extensively  the  mercury-arc  rectifiers. 

The  direct  current  cf  very  high  voltages  can  find  use  for  the 
transmission  of  large  power  up  to  very  large  distances.  Since  on 
power  plants  is  developed  electric  power  of  three-phase  current,  then 
with  the  realization  of  power  transmission  of  direct  current  is 
necessary  construction  on  the  feeding  side  of  the  transmission  not 
only  of  the  raising  transformer  substation,  which  uses  for  obtaining 
necessary  high  voltage  of  transmission,  but  also  rectifying 
installation,  which  converts  alternating  current  into  direct 
high-tension  current. 


Page  35 
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At  receiving  end  of  the  transmission  is  necessary  the  construction 
both  the  inverter  installation,  which  converts  direct  current  into 
alternating  high-tension  current  and  lowers  transforaer  substation. 
Thus,  and  in  this  case  production  and  electrical  power  distribution 
are  realized  by  a  three-phase  current,  and  only  very  electric  power 
line  works  on  direct  current. 

In  the  Soviet  Union  from  1950  works  the  experinental  production 
electric  power  line  of  direct  current  by  voltage  200  kV  Kashira  - 
Moscow  with  a  length  of  112  km  by  which  is  transmitted  the  power  of 
30  MW . 


In  1959-1960  will  be  constructed  the  electric  power  line  of 
direct  current  by  voltage  800  kV  from  Stalingrad  hydroelectric  power 
plant  into  Donbass. 

The  accepted  to  the  uss B  standard  voltages  for  the  fixed  systeas 
of  heavy  current  are  given  in  Table  3-1  (according  to  GOST  721-41). 

Nominal  the  voltage  of  the  receivers  of  electric  power  (electric 
motors,  tubes,  etc.),  generators  and  transforaers  is  called  the 
voltage,  with  which  they  are  intended  for  a  normal  operation. 

Electrical  network  is  characterized  by  the  nominal  voltage  of 
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the  receivers  of  electric  power  which  fro*  it  are  supplied;  therefore 
for  the  nominal  voltage  of  its  electrical  receivers. 

The  nominal  voltages  of  electric  generators  are  accepted  to  5o/o 
higher  than  nominal  voltages  of  the  corresponding  electric  systees 
how  is  considered  the  loss  of  line  voltage  with  their  noraal  load. 

Por  powerful/thick  turbo-  and  hydraulic  generators  of  Soviet 
production  are  applied  also  voltages  11;  13.8;  15.75  and  18  k¥  (see 
tables  P-1  and  P-2  *)• 

FOOTNOTE  l.  The  tables,  designated  by  the  letter  P,  are  given  in 
appendices.  ENDFOOTNOTE. 

In  this  case  to  the  same  voltages  are  performed  the  primary  windings 
of  the  step-up  and  step-down  transformers,  connected  directly  to  the 
outputs  of  generators. 

The  nominal  voltages  of  the  primary  windings  of  the  step-down 
transformers  are  equal  to  the  nominal  voltages  of  the  corresponding 
electric  systems,  i.e.,  electrical  receivers,  with  exception  of  the 
voltages,  noted  in  "fable^  3-1  by  asterisk,  which  are  related  to  the 


step-up  and  step-down  transformers,  connected  directly  to  collecting 
mains  or  outputs  of  generators. 
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The  noninal  voltage  of  secondary  Minding  of  transformer  they 
will  be  determined  with  the  idling  of  transformer,  i.e.,  with  the 
idling  of  transformer,  i.e.,  with  its  extended  secondary  winding  and 
nominal  voltage  in  primary  winding.  Taking  into  account  the  losses  of 
the  voltage  of  secondary  windings  of  transformers  ffable  3-1)  on  5  or 
lOo/o  higher  than  nominal  voltages  of  the  corresponding  electric 
systems  (electrical  receivers). 

Direct  current  by  voltage  110  and  220  V  apply  in  the 
installations  of  its  own  needs  of  power  plants  to  large/coarse 
substations  for  the  feed  of  the  circuits  of  relaying,  automation, 
emergency  light,  signaling  and  so  forth,  etc. 

The  electric  motors  of  direct  current  are  applied  normally  on 
220  and  440  V. 


For  the  installations  of  the  direct  current  of  special 
designation/purpose  (thrust/rod,  electrolysis,  etc.)  frequently  are 
applied  voltage  different  from  those  given  and  established/installed 
by  special  standards. 
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Nominal  voltages. 
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Key  (1).  Nominal  voltage  of  the  receivers  of  electric  power.  (2) 

//z. 

Nominal  voltage,V\,(  3)  .  Three-phase  current  50  frA .  (4).  Generators 

/4 

(5).  Transformers.  (6).  Three-phase  current  50  &A  (interphase). 
Single-phase  current  50  (8).  Direct  current.  (9).  interphase 

(10).  Phase.  (11).  primary  windings.  (12).  Secondary  windings. 


(7)  . 
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Page  36. 

For  the  feed  of  electrical  illuminating  installations  normally 
are  installed  four-wire  electric  systems  by  voltage  380/220  V  (three 
phases  and  zero  or  neutral  wire,  with  the  inclusion/connection  of 
tubes  to  phase  voltage  220  v).  Three-wire  networks/grids  by  voltage 
127  and  220  V  for  new  installations  are  not  recommended  as  a  result 
of  the  considerably  larger  cost/value  of  the  electric  systems  of 
these  voltages  in  comparison  with  the  cost/value  of  electric  systems 
with  voltage  380/220  v  (with  smaller  voltage  necessarily  the  larger 
section  of  wires). 

Four-wire  electric  systems  by  voltage  220/127  V  usually  somewhat 
more  expensive  than  networks/grids  380/220  V;  however,  at  voltage 
220/127  v  is  achieved  the  considerable  decrease  of  operating  costs 
due  to  larger  efficiency/cost-effectiveness  and  larger  service  life 
incandescent  lamp  to  voltage  127  V.  Therefore  sometimes  for 
electrical  illuminating  installations  economically  more  advisable  can 
prove  to  be  voltage  220/127  V  (  L-  3-1]. 


Neutral  wires  of  four-wire  networks/grids  by  voltage  380/220  and 
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220/127  V  in  Soviet  practice  accept  to  ground  tightly  for 
guaranteeing  the  automatic  cuto ff/disconnecticn  of  the  element/cell 
of  installation  or  section  of  network/grid  during  single-phase 
closing/shorting  to  the  earth  and  increases  in  the  safety  of 
servicing  of  these  net vorks/grids  £  C*  3-2]. 

Let  us  examine  the  case  when  the  neutral  of  this  networ k/grid  is 
not  grounded  (Fig.  3  —  1  a )  .  during  dead/blind  (metallic,  i.e.,  with 
negligibly  low  contact  resistance)  closing/shorting  to  the  earth  of 
one  of  the  phases,  for  example  phase  c  at  point  K,  safety  fuse  P  of 
this  phase  it  does  not  burn  out,  since  the  current  of 
closing/shorting  to  the  earth  in  such  networks/grids  is  small  (see 
also  §5-1),  and  voltages  with  respect  to  the  earth/ground  of  two 
other  phases  long  prove  to  be  egual  to  interphase  voltage 
(respectively  380  or  220  vl  Under  this  voltage  falls  the  man,  if  he 
stands  on  the  earth/qroucd  and  touches  by  hand  and  to  uninsulated 
section  of  one  of  the  phases  with  intact /unin jured/undamaged 
insulation  with  respect  to  the  earth/ground. 

But  if  the  neutral  of  four-wire  network/grid  is  grounded  tightly 
(Fig.  3-1b),  then  during  dead/oliad  closing/shorting  to  the  earth  of 
one  of  the  phases  appears  single-paase  short  circuit  (through  the 
earth/ground)  and  the  damaged  pnase  is  disconnected  as  a  result  of 
the  burn-out  of  the  established/mstalled  on  it  safety  fuse  P  (or  the 
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cutoff/disconnection  of  its  snielding  automatic  switch,  see  chapter 
15).  The  voltages  of  intact/uninjured/undamaged  phases  with  respect 
to  the  earth/ground  remain  equal  to  phase,  i.e.,  220  or  127  V.  In 
this  network/grid  of  man,  touching  the  uninsulated  section  of  any 
phase,  it  can  Drove  to  be  only  under  phase  voltage,  i.e., 
respectively  under  voltage  220  V  in  networks/grids  380/220  V  and  127 
V  in  networks/grids  220/127  V. 

For  the  electric  motors  of  low  power  most  frequently  is  used  the 
voltaqe  3R0  V  more  rarely  tnan  220  and  500  V.  To  voltage  3  kV  apply 
electric  motors  in  power  75  kw  and  more,  while  to  voltage  6  kV  - 
power  200-250  kw  and  more.  To  voltage  10  kv  are  applied  very  large 
power  motors  by  power  into  several  thousand  kilowatts. 

Electric  systems  urban  ones  and  major  industrial  enterprises 
make  to  voltages  6  or  10  kV.  practice  also  introduction/input  in  the 
territory  of  large  cities  and  enterprises  of  the  lines  of 
transmission  networks  by  voltage  J5  and  110  kV  (the  so-called  deep 
introduct ions/in  puts ) ,  which  feed  the  po wsrf ul/t hick  reducing 
substations,  from  which  already  with  voltage  6  or  10  kV  are  supplied 
urban  or  industrial  electric  systems. 
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Fig.  3*1.  Three-phase  four-wire  network/grid  by  voltage  380/220  or 
220/1  27  v.  a)  with  the  ungrounded  neutral;  b)  with  grounded  neutral. 

Page  37. 


Voltages  35  kV  and  aoove  are  applied  for  the  electric  power 
lines  of  district.  electric  systeis,  then  by  which  electric  power  is 
transmitted  to  considerable  distances  -  to  ten  and  hundreds  of 
kilometers.  Resides  the  voltages  J5-220  kV,  indicat-  t  n  Table  3-1, 
in  the  USSR  is  applied  also  nowmai  voltage  400  k V,  on  which  work  the 
electric  power  lin»s  from  Volga  hydroelectric  power  plant  of  the  naie 
of  V.  I.  Lenin  to  Moscow  and  Chelyabinsk.  In  1957  the  Ministry  of  the 
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power  plants  of  the  USSB  aade  a  decision  all  new  electric  power  lines 
of  large  extent  and  as  capacity  on  the  order  of  650  HB  and  to  wore 
install  to  voltage  500  XV.  Foundation  for  this  is  the  fact  that  with 
a  comparatively  small  increase  in  the  capital  expenditures  the 
capacity  of  power  transmission  for  voltage  500  XV  to  25-40o/o  is  more 
than  transmission  in  voltage  400  XV  fl»,  3-3  and  3-4], 

It  is  planned  to  also  apply  nominal  voltage  330  kV.  In 
particular,  voltage  330  kV  accept  for  the  planned  in  Dniepr 
Kremenchug  hydroelectric  power  plant. 

All  electrical  devices  conditionally  it  is  possible  to  subdivide 
into  two  q roups:  electrical  devices  by  voltage  to  1000  V  and  by 
voltage  it  is  above  1000  V  as  this  provided  in  the  active  "rules  of 
the  device/equipment  of  electrical  devices"  (POE)  and  the  "safety 
regulations"  (PTB)  [  3-5  and  J-bJ.  This  subdivision  is  caused  by 

differences  in  construction/design  and  insulation  of  electrical 
equipment  (electrical  machines,  apparatuses,  cables,  insulators, 
etc.)  ,  in  the  execution  of  distributors  and  in  the  rules  of 
construction  and  operation  of  the  groups  of  electrical  devices 
indicated . 

At  the  same  time  in  practice  conventional  is  also  the  separation 
into  electrical  devices  and  electrical  equipment  of  low  and  high 
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voltage  (low-voltage  and  high- voltage) .  In  the  following  presentation 
we  also  frequently  use  these  conditional  terns,  understanding  by 
low-voltage  ones  all  devices/equipment  by  voltage  to  1000  V,  but 
under  high-voltage  ones  -  oy  a  voltage  are  above  1000  V.  In  this  case 
one  should  remember  that  this  subdivision  is  purely  conditional  and 
completely  it  does  not  reflect  the  degree  of  the  safety  of  servicing 
the  installations  of  one  or  the  other  voltage. 

3-2.  General  information  about  electrical  circuits  and  electrical 
equipment  of  electrical  stations  and  substations. 

For  the  purpose  of  the  facilitation  of  the  understanding  of  the 
subsequent  sections  of  course  let  us  become  acquainted  with  the 
simplest  diagrams  of  the  electrical  connections  of  stations  and 
substations  of  hiqh  voltage  and  the  designation/purpose  of  the 
fundamental  used  on  them  electrical  equipment. 

The  schematic  of  tne  electrical  connections  of  electrical  device 
in  the  conventional  designations  shows  all  its  fundamental 
elements/cells  (circuits  of  generators,  of  power  transformers  and 
electric  motors,  collecting  mains,  waste/exiting  lines,  etc.)  and 
their  fundamental  electrical  equipment  (disconnecting  equipment, 
instrument  transformers,  reactors,  etc.) ,  and  also  all  connections 
between  aggregates/units  and  apparatuses  in  that  sequence,  in  which 
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they  are  carried  out  in  actuality. 

Are  distinguished  unilinear  and  trilinear  diagrams.  In  unilinear 
diagrams  conditionally  show  connections  only  for  one  phase  the 
installations,  which  simplifies  diagram  and  gives  to  it  clarity.  In 
schematic  unilinear  diagrams  indicate  only  the  fundamental 
aggregates/ *n its  of  the  installation:  generators,  power  transformers, 
electric  motors  (Pig.  3-5).  In  more  detailed  unilinear  diagrams 
indicate  also  the  disconnecting  apparatuses,  instrument  transformers, 
busbar/tire  and  cable  joints,  measuring  meters,  relay  of  protection 
and  automation,  etc.  Such  diagrams  give  general  idea  about  electrical 
device  and  established/installed  on  it  fundamental  electrical 
equipment  (for  example,  diagram  in  Fig.  3-2,  where  for  the  purpose  of 
simplification  are  not  shown  measuring  meters,  relay  of  protection 
and  automation,  instruments  of  signaling,  etc.). 

Trilinear  diagrams  comprise  for  all  three  phases  (see  Fig.  3-3) 
with  the  indication  of  entire  electrical  equipment  of  primary 
circuits,  and  also  all  measuring  meters,  instruments  of  signaling, 
relay  of  protection  and  automation  and  so  forth,  etc.  In  trilinear 
diagrams  indicate  also  all  connections  of  secondary  circuits,  i.e. , 
the  connections  of  measuring  meters  with  instrument  transformers,  the 
connections  of  the  relay  of  protection  and  automation,  signaling, 
etc. 
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The  diagrams  of  electrical  connections  are  made  with  the 
necessary  use  of  the  established/installed  by  GOST  7624-55 
conditional  graphic  designations,  some  of  these  designations, 
relating  to  the  diagrams  of  primary  circuits  and  most  frequently 
encountering  in  this  booh,  are  given  in  Table  3-2. 

The  conventional  designations  of  the  elements  of  the  networks  of 
secondary  circuits  are  given  in  the  second  volume. 


DOC  =  79134803 


PAGE 


1 


I9X 

Page  38. 


Table  3-2.  soma  conditional  graphic  designations  in  electrical 
circuits  according  to  GOST  7621-55. 
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Key:  (1).  The  designation  of  element/cell.  (2).  Conventional 

designations.  (3).  Electrical  connection  of  busbars  or  vires.  (4). 

vires  or  busbars  intersect,  but  it  is  not  electrically  connected. 

(5).  Grounding  (ground  connection).  (6).  Contact  of  apparatus, 

terminal/gripper  on  asseably.  (7).  fiable  preparing.  (8).  Reactor. 

(9).  Current  transformer  with  one  core.  (10).  Then,  but  vith  tvo 

cores  (two  secondary  vindings).  (11).  Safety  fuse.  (12). 

Resistor/resistance,  fixed.  (13).  Resistor/resistance,  adjusted 

without  chain  cleavage  with  slipping  contacts.  (14).  Position.  (15). 

Bisconnecting  apparatuses.  (16).  it  is  connected.  (17).  it  is 

disconnected.  (18).  High-voltage  switch  (oil,  air,  auto-gas,  etc.). 

(19).  Then,  but  simplified  designation.  (20).  Conventional 

designations.  (21).  Disconnector,  Knife  switch.  (22).  Disconnector 

with  grounding  knife.  (23).  Automaton  of  maximum  current.  (24). 

Electrical  machines  and  transformers.  (24a).  in  unilinear  diagrams. 

(24b).  in  multilinear  diagrams.  (25).  Electric  motor  asynchronous 

three-phase  with  short-circuited  rotor.  (26).  Then,  but  with 

phase-wound  rotor.  (27).  Direct-current  generator.  (28).  synchronous 

threephase  generator.  (29).  Alternator  with  brought-out  six 

ends/leads  of  phases  of  stator  winding  and  with  indication  of 

excitation  winding.  (30).  Transformer  (single-phase  with  core).  (31). 

Transformer  three-phase  double  wound  with  core,  with  connection  of 

windings  star  -  triangle,  with  brought-out  neutral.  ( 32) .  Autotrans¬ 
former  three-phase  with  core,  with  connection  of  windings  into  star. 
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Let  us  note  also  that  in  our  practice  accept  by  the  nominal 
voltage  of  electrical  device  (station,  substation)  to  count  the 
nominal  voltage  of  the  electric  system,  which  feeds  from  this 
installation.  Therefore  on  the  diagrams  of  connections  of  electric 
installations  (on  their  collecting  mains)  should  be  indicated  the 
nominal  voltages  of  the  corresponding  networ As/grids  according  to 
GOST  (see  Table  3-1),  i.e. ,  the  nominal  voltages  of  electrical 
receivers  (for  example,  6,  10  AV,  etc.),  but  not  the  nominal  voltages 
of  generators  or  secondary  windings  of  power  transformers. 

Fig.  3-2  gives  line  diagram  of  the  power  plant  of  comparatively 
small  power  with  two  generators  of  nominal  voltage  6.3  AV.  Developed 
by  generators  electric  power  enters  the  collecting  mains  SSh  and  from 
them  into  cable  system  6  AV. 

Dotted  lines  in  the  diagram  limited  the  outlines  of  those 
locations  in  which  is  established/installed  the  corresponding 
equipment..  Generators  G- 1  and  G-2  together  with  their  primary 
motor /engines  (in  the  diagram  they  are  not  shown)  are 


DOC  =  79134803  PAGE  M 

established/installed  ia  the  machine  root  of  the  lain  housing  of 
station.  Entire  electrical  equipment  by  voltage  6  k V  is 
established/installed  in  the  mam  distributor  device/equipsent  6  Ic? 
of  station.  Generators  are  connected  with  distributor  by  busbars  on 
the  insulators:  sometimes  this  connection  is  aade  by  power  cables. 

The  waste/exiting  lines  6  k.V  are  carried  out  by  cables. 

Step-down  power  transformers  X- 1  and  T-2  serve  for  the  feed  of 
the  distributing  frame  J80/22Q  V  of  the  installation  of  their  own 
needs  station.  From  the  busbars  of  this  panel  will  move  away  the 
lines,  which  feed  the  electric  motors  of  the  mechanisms  of  their  own 
needs  and  the  electric  lighting  of  station. 

In  all  circuits  of  station  are  established/installed  the 
disconnecting  apparatuses.  In  installations  by  voltage  to  1000  V  are 
applied  the  disconnecting  apparatuses,  indicated  in  the  diagram  in 
branch  circuits  380/220  V:  Knife  switches  rub  and  safety  fuses  P  or 
automatic  air  switches  (automata)  T>  and  other,  disconnecting 
circuits  during  overloadings  and  short  circuits  (see  Chapters  14  an & 

15)  . 

In  installations  by  voltage  above  1000  V  apply  the  disconnecting 
apparatuses,  indicated  in  the  diagram  in  branch  circuits  6  k?: 
switches  V,  disconnectors  a,  safety  fuses  P  (see  Chapter^  14,  16  and  17). 
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High-voltage  switches  serve  for  inclusion/connection  and 
cutof f/disconnection  of  circuits  during  normal  operation,  and  also 
for  the  automatic  cutoff/disconnection  of  circuits  during  their 
damages.  For  control  of  switches  are  applied  the  drives  (see  Pig. 
3-3),  which  serve  also  for  the  retention  of  switches  in  the  connected 
position  (see  Chapter  Id). 


DOC  =  70134803  PAGE  m 


Pig .  3-2.  Line  diagram  of  power  plant  with  one  system  of  collecting 
ma ins. 


Key:  (1).  Waste/exiting  cable  lines.  (2)  .  Cable.  (3).  kV.  (4).  Plain 
distributor  6  kv.  (S) .  Equipment  nail.  (6).  distributing  frame 
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380/220  V  of  its  own  needs.  (7)  .  V»  (8)  .  Feed  of  its  own  needs  of 
station. 

Page  41. 


So  that  the  switches  would  automatically  disconnect  circuits 
with  the  disruptions  of  their  normal  operation,  dangerous  for 
electrical  equipment,  it  is  necessary  that  in  each  circuit  would  be 
established/installed  relaying. 

The  fundamental  problem  ot  relaying  is  the  rapid  and  reliable 
liquidation  of  emergencies  and  aonormal  modes/conditions,  which 
appear  in  electrical  device,  foe  the  purpose  of 
retention /nreser vat  ion /maintaining  in  the  work  of  all 
intact/uninjured/undamaged  and  normally  working  parts  of  the 
installation.  Relay  protection  is  fulfilled  of  one  or  several  relays, 
i.e.,  the  special  instruments  which  during  disturbance  or  damage  of 
any  element/cell  of  installation  act  on  the  drive  of  the  switch  of 
the  corresponding  circuit,  after  which  the  latter  automatically  is 
disconnected.  In  certain  cases  relayings  actuate  the  signalling 
devices  (bell,  siren,  tube),  which  notify  personnel  about  the  need  of 
accepting  the  measures  tor  the  elimination  of  the  abnormal  operating 
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Let  us  examine  the  operating  principle  of  simplest  and  most 
widely  used  relaying,  namely  the  maximum  current  protection  from  the 
currents  of  short  circuiting,  adjusted  in  the  majority  of  circuits. 
The  schematic  trilinear  diagram  of  this  protection  on  the 
waste/exitinq  line  is  givan  in  Fig.  3-3.  The  windings  by  relay  are 
connected  to  secondary  win  lings  of  current  transformers;  therefore  in 
normal  mode  coil  current  by  relay  does  not  exceed  5  A  and  the  cores 
of  relay  cannot  be  sucked  inside  coils  and  lock  contacts.  During 
short  circuit  at  point  K  in  primary  circuit  appears  the  short-circuit 
current,  several  times  the  exceeding  operating  current  of  circuit.  In 
this  case  considerably  increases  the  current  in  secondary  windings  of 
current  transformers  and  windings  by  relay,  as  a  result  of  which  the 
cores  are  pulled  and  close  contacts.  Through  the  latter  are  closed 
the  direct -current  circuit  of  the  disconnecting  electromagnet  of  the 
drive  of  the  switch  (course  of  the  current  through  the  contacts  of 
one  relay  is  shown  by  broken  rif leman/pointers) ,  its  core  it  is 
pulled  by  its  striker  it  displaces  retaining  catch  of  drive.  In  this 
case  the  switch  under  the  action  of  the  disconnecting  spring 
disconnects  the  circuit,  in  which  occurred  short  circuit. 

Relaying  of  elactncai  devices  must  operate  selectively  (it  is 
selective),  i.e.,  it  must  be  so  it  is  arranged  so  that  during  the 
damage  or  the  short  circuit  would  operate/wear  protection  and  was 
disconnected  tha  switch,  nearest  to  the  place  of  damage,  and  all 
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other  parts  of  the  installation  continued  normally  to  work.  For 
example,  if  short  circuit  occurred  at  point  K  on  diagram  in  Fig.  3-2, 
then  must  be  disconnected  switch  V-1  of  the  waste/exiting  line,  and 
switches  V-2  and  V-3  of  generators  be  disconnected  must  not,  although 
in  the  circuits  of  generators  will  flow/occur/last  the  short-circuit 
current  to  the  moment/torque  of  the  cuto ff/disconnection  of  switch 
V-1  of  line.  For  this  purpose  relayings  have  special  device/equipaent 
or  work  with  specific  time  element.  More  rapidly  must  operate/wear 
relaying,  nearest  to  the  place  of  the  damage;  for  our  example  time 
element  of  the  protection  o£  the  waste/exiting  line  must  be  less  than 
time  element  of  the  protection  or  generator.  Time  element  does  not 
usually  exceed  several  seconds. 

Repair,  cleanup,  control,  replacement  and  the  like  of 
apparatuses  and  machines  or  whole  elements/cells  of  installation 
(line,  power  transformer,  generator,  etc.)  must  be  conducted  without 
the  cut o f f /disco nnect ion  of  other  working  parts  of  the  installation, 
but  by  the  fact  of  an  more  entire  installation,  but  with  the 
observance  of  the  necessary  conditions  of  safety  for  those,  who 
generate  these  works.  The  most  important  action,  which  ensures  the 
safety  of  performing  work  in  high-voltage  installations,  is  the 
reliable  disconnecting  of  the  part  of  the  installation,  on  which  is 
assumed  production  in  the  works,  from  other  parts  of  the 
installation,  which  are  located  under  voltage. 


* 


Fiq.  3-1.  Schematic  diagram  of  the  device/equipment  of  relaying  of 
maximum  current. 


Key:  (1).  Collecting  mains.  (2).  Disconnector.  (3).  High-voltage 
switch,  (4).  Drive  of  switch.  (5).  Spring.  (6)  —  (7)  .  Decoupling 
electromagnet.  (8).  Disconnecting  spring.  (9).  Trip.  (10).  Relays. 
(11).  From  storage  battery.  (12).  Current  transformers.  (13).  To 
electric  measuring  instruments.  (H).  GaJble. 

Page  42. 


In  this  case  for  warning/preventing  the  possible  errors  it  is 
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necessary  that  the  place  of  disconnecting  would  be  performed  by  the 
apparatus,  ensuring  the  clear  visibility  of  the  place  of  chain 
cleavage.  Such  apparatus  is  the  disconnector  (see  Chapter  16). 

As  a  rule,  disconnectors  are  not  intended  for 
inclusion/connection  and  cutoff/disconnection  of  circuits,  which  are 
located  under  load,  hut  serve  only  for  inclusion/connection  and 
disconnect ing  of  the  de-energized  elanen ts/cells  installations, 
preliminarily  off  as  switcn.  For  example,  if  it  is  necessary  to 
repair  switch  v- 1  of  the  waste/exiting  line,  without  upsetting  the 
operation  of  station  (Fig.  J-2) ,  then  should  be  disconnected  first 
switch  V- 1 ,  and  then  disconnectors  R-2  and  R-1.  Then  switch  V-1  is 
disconnected  from  the  collecting  mains  of  station,  which  are  located 
under  voltage,  and  from  the  cable  of  line,  to  which  can  be  supplied 
the  voltage  from  the  network/grid  through  any  other  line.  Xn  some 
diagrams  of  the  electrical  connections  (see  Fig.  3-4)  disconnectors 
are  utilized  for  switching  of  separate  circuits,  which  are  located 
under  voltage,  but  when  these  switchings  are  not  accompanied  by  the 
gap  of  power. 

Disconnectors  R-1,  estaolished/inst ailed  from  the  side  of 
collecting  sains  ssh  (Fig.  J-2) ,  call  busbar/tire,  while 
disconnectors  R-2  in  the  outputs  of  the  waste/exiting  lines  -  linear 
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Por  control/checking  of  the  work  of  aggregates /units  and 
individual  parts  of  the  installation,  quality  of  electric  power 
(voltage  and  frequency)  and  for  the  account  to  developed  and 
distributed  electric  pcwer  over  electrical  stations  and  substations 
are  applied  appropriate  electric  measuring  instruments:  ammeters, 
voltmeters,  wattmeters,  frequency  meters,  counters,  etc. 

Furthermore,  are  provided  for  the  devices/equipaent  of 
automation,  which  ensure  the  automatic  maintenance  of  the  assigned 
mode/condi tions  of  the  work  of  installation  (automatic  field  control, 
automatic  frequency  control,  etc.)  and  which  accelerate  the 
restoration/reduction  of  the  normal  mode  of  work  during  the  all 
possible  emergencies  and  the  disturbances/brea kdowns  of  the  mode  of 
operation  (the  automatic  breaking  of  aqgregates/units,  transformers, 
lines,  etc. ) . 

Provisions  are  made  for  also  the  instruments  and  the  warning 
devices,  which  facilitate  the  orientation  of  personnel  with  changes 
in  the  mode/conditions  of  the  work  of  equipment,  and  also  the 
necessary  instruments  and  communications. 

All  enumerated  devices  and  relay  are  placed  in  the  panels  of  the 
master  control  board  or  directly  in  the  closed  distributors  (for 
greater  detail,  see  Vol.  2)  . 
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Fiq.  3-4.  Unilinear  diagram  of  power  plant  with  two  systems  of 
collecting  mains  at  generator  and  increased  voltages. 


Key:  (1).  Electric  power  lines.  (2.).  Distributor  of  increased 
voltage.  (3).  kV.  (4).  step-up  transformers.  (5).  Distributor  of 
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generator  voltage.  (6)  .  Machine  roon. 

Page  43. 

In  installations  by  voltage  anove  1000  7  measuring  meters  and 
relay  switch  on  through  instrument  transformers  of  current  and 
voltage.  In  the  diagram  in  Fig.  3-2  it  is  evident  that  current 
transformers  TT  are  established  in  the  circuit  of  each  connection, 
and  voltage  transformers  IN  -  only  in  the  circuits  of  generators  also 
on  collecting  mains.  Before  voltage  transformers  are  connected  the 
disconnectors  and  safety  fuses  P-1. 

Collecting  mains  SSh  and  all  connections  between  apparatuses 
normally  make  not  insulated  (bare)  by  busbars  Sh  on  porcelain 
insulators.  Some  circuits  soaetiaes  make  by  cables,  for  example  the 
connection  of  transformers  T- 1  and  T- 2  at  voltage  6  kV  (cables  Kb). 

Connections  on  the  distributing  frames  by  voltage  to  1000  7 
perform  by  bare  busbars  cr  insulated  vires. 

One  system  of  collecting  aains,  provided  in  the  diagram  in  Fig. 
3-2,  does  not  provide  the  high  reliability  of  the  power  supply  of 
users,  since  during  damage  and  repair  of  collecting  aains  the 
nourishment  of  users  is  interrupted/broken. 


1 
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Fig.  3-4  gives  line  diagram  of  powerf ul/thick  power  plant  daring 
electrical  power  distribution  at  two  voltages  -  generator  and 
increased  (in  the  diagraa  is  not  shown  the  feed  of  its  own  needs  of 
station  and  are  not  given  instruaent  transf oraers) .  Proa  generators 
electric  power  coses  the  collecting  mains  of  generator  voltage  6-10 
kv  and  from  them  partially  into  the  network/grid  of  generator  voltage 
along  the  waste/exiting  cable  lines,  and  partially  into  the  step-up 
three-phase  power  transformers  by  secondary  voltage  35-110  kT.  from 
the  latter  electric  power  comes  the  collecting  aains  35-110  kV  and 
from  them  into  the  air  electric  power  lines,  employees  for  the  feed 
of  the  distant  from  station  users  and  connection/coaaunica tion  of 
station  with  the  electric  system  of  power  system. 

At  generator  and  increased  voltages  are  used  two  systems  of 
collecting  mains.  Normally  in  worm  is  located  one  set  of  busbars,  the 
second  set  of  busbars  is  stand-by. 

The  presence  of  two  systems  of  collecting  mains  makes  it 
possible  to  preserve  in  work  installation  during  damage  or  repair  of 
one  of  the  systems. 


During  short  circuit  on  the  working  system  of  the  collecting 
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■ains  of  generator  voltage  (at  point  K- 1 )  operate/wear  maxima 
current  relayings  of  generators  and  are  disconnected  switches  V- 1  and 
V- 2,  but  if  station  works  in  parallel  with  the  network/grid  of  power 
system  at  voltage  35-110  kV,  then  are  disconnected  both  switches  V-3 
and  V-4.  After  disconnecting  then  the  switches  of  all  lines  and 
transformers,  they  change  over  entire  installation  to  the  stand-by 
system  of  collecting  mains,  for  wnich  are  disconnected  all 
busbar/tire  disconnectors  of  the  working  system  of  collecting  mains 
(odd:  R-1,  R-3,  R-5,  etc.)  and  tney  connect  the  busbar/tire 
disconnectors  of  the  stand-by  system  of  collecting  mains  (even:  R-2, 
R-4,  R-6,  etc.).  After  this  are.  connected  the  generator  switches, 
lines  and  transformers.  Upon  the  start  of  the  switches  of  the  second 
and  following  of  generators,  and  also  upon  the  start  of  the  switches 
of  transformers,  if  through  them  is  realized  the  multiple  operation 
of  station  with  power  system,  generators  synchronize. 

In  two  systems  of  collecting  mains  it  is  possible  to  alternately 
overhaul  the  collecting  mains  of  station,  without  upsetting  the 
operation  of  installation,  i.e.,  without  interrupting/breaking  the 
nourishment  of  users.  For  example,  it  is  required  to  supply  on  repair 
the  working  system  of  the  collecting  mains  of  generator  voltage.  For 
this,  without  Interrupting/breaking  operation  of  station,  they  change 
over  installation  to  stand-by  system  of  collecting  mains  in  the 
following  order:  1)  switcn  on  bus-connecting  switch  V,  supplying 
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voltage  on  the  stand-by  systea  of  the  collecting  Rains;  2)  switch  on 
the  disconnectors  of  the  stand-by  systea  of  collecting  aains  R-2, 

R-4,  R-6,  etc.;  3)  disconnect  tne  disconnectors  of  the  working  systea 
of  collecting  mains  R-1,  R-3,  R-5,  etc.;  4)  disconnect  bus-connecting 
switch  V  and  its  disconnector  froa  the  side  of  the  working  systea  of 
collecting  aains. 

On  the  waste/exiting  cable  lines  of  the  generator  voltage  of 
power  plant  are  shown  the  reactors  (coil s  with  considerable  inductive 
reactance),  intended  for  decreasing  the  strength  of  currents  of  short 
for  decreasing  the  value  of  short-circuit  currents  in  the  cable 
system  (for  greater  detail,  see  fihapter  8)  . 

Raising  transformers  T- 1  and  T-2  usually  they  establish  in  the 
open  air.  Distributor  by  voltage  35-110  kv  can  be  perforned  by  that 
opened  or  that  closed. 

In  other  respects  everything  said  in  the  relation  to  diagraa  in 
Fig.  3-2  is  related  also  to  the  dismantled  diagraa. 

The  concept  about  electrical  power  distribution  froa  the  power 
plants  whose  diagrams  were  disaantled/se lected  above,  gives  the 
schematic  unilinear  diagram,  given  in  Fig.  3-5.  It  is  here  accept 
that  electric  power  partially  is  distributed  over  generator  voltage 
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10  k?  and  partially  at  the  increased  voltage  35  kV.  On  power  plant  is 
conditionally  shown  one  systes  of  collecting  mains  both  on  the 
generator  and  on  that  increased  voltages.  For  purposes  of 
simplif ication  in  all  circuits  are  not  shown  the  disconnecting 
apparatuses  and  instrument  transformers. 

Page  44. 

The  nominal  voltaqes  of  electrical  receivers  (tubes  of  electric 
lighting  -  220  or  127  v.  of  electric  motors  -  220-6000  v)usually 
differ  from  nominal  voltages  of  the  feed  and  distributive  electric 
systems  of  high  voltage,  in  this  case  of  the  equal  to  10  and  35  k?; 
therefore  electrical  receivers  are  supplied  from  the  reducing 
transformer  substations  (P-1,  P-2,  P-3,  etc.). 

Similar  substations,  placed  near  users  of  electric  power,  are 
intended  for  the  feed  of  the  appliance  load  of  city  or  settlement, 
lighting  and  power  loads  of  enterprise,  etc.  The  substations,  which 
feed  appliance  load,  agricultural  users,  small  homemade  enterprises, 
etc.,  usually  have  only  one  secondary  voltage  it  is  normal  380/220  T 
for  obtaining  which  on  substation  are  installed  one  (substation  P-1) 
or  two  (substation  P-2)  transformers  of  small  power. 


If  substation  is  intended  for  the  feed  of  the  shop  of  enterprise 
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or  snail  enterprise,  then  on  it  are  provided  for  either  one  secondary 
voltage  380/220  v  for  feed  electric  lighting  and  electric  Motors 
(substation  P-2),  or  two  voltages  (substation  P-3)  -  one  for  the  feed 
of  electric  lighting  and  tne  second  for  the  feed  of  electric  aotors 
(0.38-6  kV) .  To  each  voltage  can  oe  established/installed  one  or  two 
transformers  and  even  it  is  more. 

The  distant  from  station  users  are  supplied  with  aore  high 
voltage,  for  example  35  kV.  In  the  diagram  of  Pig.  3-5  it  is  shown 
that  two  parallel  to  electric  power  line  L-7  and  L-8  supply  the 
district  (urban,  industrial)  reducing  transformer  substation  P-7  to 
secondary  voltage  10  kv,  iron  wnich  in  turn,  are  supplied  the 
reducing  substations  of  users  (P-8,  P-9,  P-10,  etc.).  Pron  the 
busbars  of  these  substations  are  supplied  the  electrical  receivers 
(as  from  the  busbars  of  substations  P-1,  P-2  and  P-3). 

The  feed  of  the  reducing  substations  directly  from  the 
collecting  mains  of  stations  or  district  substations  (substations 
P-1,  P-2,  P-3,  P-8,  P-9)  is  expedient  only  with  sufficiently 
powerful/thick  and  critical  substations.  Groups  of  small  substations 
to  usually  more  expediently  supply  from  distribution  points  (RP)  , 


which  obtain  feed  directly  from  the  busbars  of  station  or  district 
substation.  On  distribution  point  electric  power  does  not  transform 
itself,  since  it  is  intended  only  for  distributing  electric  power 
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between  the  separate  reducing  substations.  Prcn  BP  can  be  supplied 
the  substations  of  urban  electric  system,  departnental  substations 
and  even  all-factory  substations. 
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Fig.  3-5.  Schematic  diagram  of  electrical  power  distribution  from 
power  plant  at  voltages  10  and  35  *V. 

Key:  ( 1)  .  kV.  (2)  .  V. 

Page  45. 


Is  possible  the  feed  of  several  ones  of  substation  from  one 
line,  without  construction  KP  as  this  shown  for  substations  P-10, 
P-11  and  P-12.  In  both  cases  they  decrease  a  number  of  lines,  which 
exit  from  the  collecting  mains  of  station  or  district  substation,  a 
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initial  cost  of  network/grid. 

Substations  p-10  and  P- 1 1  are  passage,  all  others  -  blind, 
final. 


The  feed  of  substations  by  single  lines  (for  example,  the  feed 
of  substation  P-1  by  line  L-1)  does  not  provide  the  high  reliability 
of  power  supply,  since  emergency  to  line  or  its  cutoff/disconnection 
for  repair  they  lead  to  the  prolonged  cessation  of  the  nourishment  of 
the  users  of  substation.  For  preventing  this  they  reserve  the  feed  of 
critical  and  powerful/thick  substations,  for  example,  by  the 
construction  of  two  feeding  lines:  lines  L-3  and  L-4,  feeding 
substation  P-1,  lines  1-5  and  L-b,  feeding  BP,  etc.  In  the  case  of 
cutof f /disconnect: on  of  cne  of  the  feed  lines  of  the  corresponding 
substation  without  interruption  continues  along  the  second  line. 

The  diagrams  of  the  reducing  substations  to  secondary  voltage  to 
1000  v,  for  example  substations  P-1,  P-2,  P-3,  etc.  in  Pig.  3-5,  are 
fulfilled  similarly  to  diagram  in  the  part  of  the  transformers  T-1 
and  T-2  ir.  Fig.  3-2. 

Fig.  3-6  in  the  form  of  an  example  gives  the  unilinear  diagram 
of  district  substation  (P-7  in  Fig.  3-5)  ,  on  which  are  shown  the 
switches  and  the  disconnectors;  remaining  apparatuses  are  omitted.  On 
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side  of  both  voltages  is  accepted  one  system  of  collecting  eains.  On 
the  very  powerful/thick  substations,  which  feed  responsible  users, 
are  performed  also  two  systems  of  collecting  mains  as  in  the  diagram 
of  Fig.  3-4  in  the  part  cf  the  transformers  T- 1  and  T-2. 

On  the  district  power  plants  where  entire/all  developed  by 
generators  electric  power  is  put  out  in  the  electric  system  of  the 
increased  voltage  35  kV  and  it  is  above  (with  exception  of  the  small 
part  of  electric  power,  expended  for  its  own  needs  of  station),  finds 
a  use  the  diagram,  given  on  Fig.  3-7.  in  this  case  of  collecting 
mains  not  no  generator  voltage  there  is  in  view  of  the  absence  of 
users  near  station.  Generators  work  in  parallel  on  the  collecting 
mains  of  the  increased  voltage.  Each  generator  with  its  step-up 
transformer  forms  the  integral  unit,  which  is  called  "block  generator 
-  transformer". 

Between  the  generator  and  the  step-up  transformer  of  no 
disconnecting  anparatuses  it  is  established/installed,  since  each  of 
them  individually  work  cannot.  Are  established/installed  switches 
only  on  the  side  of  high  voltage  of  each  block  where  are  provided  two 
systems  of  collecting  mains.  For  the  feed  of  its  own  needs  of  station 
(electric  motors  and  illuminations)  each  aggregate/unit  has  a 
transformer  of  its  own  needs,  connected  to  the  busbars  between  the 
generator  and  +  he  step-up  transformer. 


A 
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3-3.  Rated  currents  and  power  of  electrical  equipaent. 

The  nominal  (permitted)  current  of  electrical  aachines, 
transformers  and  apparatuses  is  called  that  greatest  prolonged 
current  with  course  of  which  how  conveniently  long  tiae  and  at 
specific  calculated  ambient  temperature  the  temperature  of  heating 
current-carrying  parts  and  insulation  does  not  exceed  the 
established/installed  by  noras  value. 


A 
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F«g.  3 '7. 


Fiq.  3-6 .  the  unilinear  diagram  of  transformer  substation. 


Key:  (1).  kV. 

Fiq.  3-7.  Unilinear  diagram  of  district  power  plant. 

Key:  (1).  Waste/exiting  electric  power  lines.  (2).  kV  are  above.  (3). 
Step-up  transformers.  (4).  kV.  (5).  In  closed  distributor  of  its  own 


needs  of  station. 
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Calculated  ambient  temperatures  at  present  in  the  USSR  are  as 
follows: 

for  electrical  apparatuses  (GOST  8024-56)  and  power  transformers 
(GOST  40  1-41)  the  temperature  of  surrounding  air  ...  35°C. 

for  electrical  machines  (temperature  of  entering  the  machine  air 
or  hydrogen)  : 

for  turbogenerators  (GOST  533-51)  and  synchronous  condensers 
(GOST  609-54)  .  .  .  4  0°C. 

for  the  hydraulic  generators  (GOST  5616-50)  and  other  machines 
(GOST  183-55)  ...  3  5°C. 

for  bare  and  insulated  wires,  busbars  and  power  cables,  laid  in 
air  ...  25°C. 

for  power  cables  in  the  earth/ground  . . .  15°C. 


The  long  permissible  temperatures  of  heating  the  parts  of 
electrical  machines,  transformers  and  apparatuses  depend  on  the  kind 
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(class)  of  insulation,  the  design  life  (the  higher  the  teeperature  of 
heating  insulation,  the  less  the  period  of  its  service) ,  permissible 
temperature  of  heating  contacts  and  they  are  established/installed  by 
appropriate  GOST  (sone  of  these  temperatures  are  given  subsequently 
in  the  examination  of  apparatuses  and  machines)  . 

The  established/installed  by  GOST  6827-54  scale  of  rated 
currents  for  electrical  apparatuses  is  given  in  Table  P-6. 

For  electric  generators  and  power  transformers  are 
established/installed  the  specific  standard  values  of  their  nominal 
power,  with  respect  to  this  their  rated  currents  (/„„„,  A)  are 
determined  by  nominal  power  (S^t  A V A)  with  nominal  voltages 
AV )  : 

,  _  5"°» 

The  nominal  power  of  generators  and  transformers  are  determined 
under  the  same  conditions  as  rated  currents,  i.e.,  at  a  calculated 
ambient  temperature  and  a  long  permissible  teaperature  of  heating 
current-carrying  parts  and  insulation. 

The  fundamental  characteristics  of  the  turbogenerators  of  Soviet 
plants  are  given  in  Table  P-1,  and  hydraulic  generators  -  in  Table 
P-2.  Since  the  resistive  load  of  generator  determines  changing 
primary  motor/engine ,  then  given  in  table  P-1  active  pouer  are  the 
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nominal  power  of  steam  turbines. 

In  Table  P-4  are  given  the  fundamental  characteristics  of  power 
transformers,  while  in  Taole  P-5  -  autotransformers  of  Soviet  plants. 
One  should  remember  that  for  transformers  nominal  power  is  the  power 
on  the  terminals/grippers  of  secondary  winding  with  its  nominal 
voltage,  i.e. ,  with  open-circuit  voltage. 

3-4.  Power  systems. 

At  present  widely  is  realized  the  multiple  operation  of  pojer 
plants  on  general/common/total  electric  system.  This  association  of 
power  plants  is  called  power  system  (power  system). 

Forming  part  of  the  power  system  of  power  plant,  electric  power 
lines,  substations  and  thermal  networks/grids  are  connected  into  one 
whole  with  the  generality  of  mode/condit ions  and  with  the  continuity 
of  the  process  of  production  and  distributing  electrical  and  thermal 
energy  [ L~  3-6  % 

Electrical  system  is  called  the  part  of  the  power  system,  which 
consists  of  generators,  distributors,  electrical  networks  and 


electrical  receivers. 
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Electrical  network  is  called  the  part  of  the  electrical  system, 
which  consists  of  substations  and  electric  power  lines  of  different 
voltages. 

Pig.  3-8  in  the  fora  of  an  example  gives  in  unilinear  iaage  the 
part  of  the  schematic  diagraa  of  the  connections  of  powerful/thick 
power  system.  On  all  stations  and  substations  is  conditionally  shown 
one  system  of  collecting  mains. 

In  power  system  are  united  the  powerful/thick  district  of 
hydroelectric  station  S- 1,  two  thermal  district  power  plants  S-2  and 
S-3  heat  and  power  plant  S-4.  All  stations  are  connected  with 
electric  system  by  voltage  110  kV.  Electric  power  lines  110  kV  L-2, 
L-3  and  L-4  form  the  high-voltage  ring;  the  cutoff/disconnection  of 
any  of  these  lines  does  not  disrupt  the  connection/coaaunication 
between  the  fundamental  elements  of  system. 

on  district  power  plants  are  performed  the  block  diagrams  of 
connection  of  generators  with  the  step-up  double  wound  transformers; 
busbars  not  no  generator  voltage  on  these  stations  there  is. 

Hydroelectric  power  plant  S- 1  is  distant  up  to  considerable 
distance  from  the  fundamental  electric  network  of  110  kV  of  power 
system;  therefore  it  is  connected  with  it  at  voltage  220  k?  with  two 


i 

I 
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parallel  lines  L-1  through  the  powerf ul/thick  substation  P-1. 

Station  s-2  is  connected  directly  into  the  ring  of  lines  100  AT, 
while  s-3  station  is  connected  to  the  fundamental  network/grid  of 
system  by  lines  L-5  and  L-6  through  busbars  of  substations  P-2  and 
P-  3. 


Page  47. 


Heat  and  power  plant  S-4  is  connected  to  system  by  line  L-7 
through  the  busbars  of  substation  P-1.  Let  us  note  that  heat  and 
power  plant  compulsorily  they  do  not  connect  with  system  at  voltage 
110  k V.  This  depends  on  the  location  of  heat  and  power  central  in 
system,  amount  of  power,  transmitted  by  the  line  of  its 
communications  with  system,  and  distance  from  it  to  the  nearest 
district  substation.  So,  if  heat  and  power  plant  was  arranged/located 
nearer  to  district  substation  P-2,  then  it  it  would  be  possible  to 
connect  with  system  on  any  of  three  voltages:  110,  35  and  10  kV.  In 
this  case  the  rational  solution  can  be  found  only  via  the 
technical-economic  comparison  of  versions. 


Substations  P-1  and  P-2  are  the  powerful/thick  junction/unit 
substations  of  system,  on  substation  P-1  are  established/installed 
reducing  triple-wound  autotransf ormers,  which  have  autotransformer 
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connection/communication  between  the  windings  220  and  110  kV  and 
transformer  couplings  between  them  and  low-voltage  winding  (for 
greater  detail,  see  &ha  pter  23).  from  the  collecting  aains  10  kV  of 
this  substation  are  supplied  to  electric  consumer,  arranged/located 
in  immediate  proximity  of  the  substation:  individual  industrial 
enterprises,  districts  of  large/coarse  city,  agricultural  users,  etc. 
Furthermore,  at  the  voltage  10  kV  of  substation  are 
established/installed  two  synchronous  condensers  SK,  employees  for 
mining  the  qtiadergy. 

On  substation  P-2  are  established/installed  the  step-down 
triple-wound  transformers.  At  voltage  35  kv  are  supplied  the 
sufficiently  vast  regions  in  whicn  can  be  arranged/located 
industrial,  public-service  and  agricultural  users.  At  voltage  6-10  k¥ 
are  supplied  the  users,  located  near  substation. 

Substations  P-3  and  P-4  are  equipped  by  double  wound 
transformers  and  can  have  any  of  the  indicated  in  the  diagram  three 
secondary  voltages. 

Substation  P-3  is  passage,  while  substation  P-4  -  blind,  final. 


In  the  diagram  3-8  is  shown  only  the  part  of  the  lines  220  and 
110  kV  of  system  and  are  in  no  way  shown  the  networks/grids  35-10-6 
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kv,  which  feed  from  the  busbars  of  the  reducing  substations  and  heat 
and  power  plant,  or  network/grid  by  voltage  to  1000  V.  The 
nourishment  of  users  from  the  busbars  6-10  k V  of  substations  is 
realized  just  as  from  the  stations  of  the  same  voltage  (see  diagram 
in  Pig.  3-5)  . 


The  creation  of  power  systems  has  high  national-economic  value. 
First  of  all  with  joint  operation  on  the  general/common/total 
electric  system  of  the  series/row  of  power  plants  during  the  correct 
distribution  between  them  of  the  total  load  of  system  is  achieved  the 
more  economical  use  of  equipment  of  separate  power  plants  and  energy 
resources/lifetimes  of  region  (fuel/propellant,  water  energy),  and 
also  the  decrease  of  the  losses  of  electric  power  in  networks/grids 
how  is  provided  a  decrease  in  the  consumption  of  fuel,  especially 
expensive  high-energy  and  long-range  propellants,  and  the 
considerable  reduction  cf  prices  of  electric  power.  First  of  all  are 
utilized  those  power  plants,  which  are  equipped  by  the  most  ideal 
aggregates/units  which  work  with  the  greatest  efficiency  and  on  cheap 
fuel/propella nt,  and  also  the  hydroelectric  power  plants,  which  give 
cheapest  electric  power.  In  this  case  each  of  the  stations  of  system 
covers/coats  certain  assigned  part  of  the  load  of  system. 


Fig.  3-9  gives  the  diurnal  graph/curve  of  the  load  of  power 
system,  on  which  is  given  exemplar y/approximate  load  distribution 
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between  the  entering  the  systen  heat  and  power  plants,  district 
thermal  and  hydroelectric  stations. 


J 
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Pig.  3-8.  Schematic  diagram  of  power  system. 


Key:  (1).  kV. 


Page  48. 


Central  heating  plants  load,  being  guided  by  their  thermal 
graphs/curves  of  loads,  i.e.,  by  a  quantity  of  steam  necessary  for 
the  heat  supply  of  industry  and  cities.  By  this  are  achieved  the 
fu 11/total/complete  guarantee  of  central  heating  users  and  most 
economical  electric  energy  generation  (see  §2-2).  If  necessary,  if 
the  power  of  other  stations  of  system  in  some  period  of  time  it  is 
insufficient,  heat  and  power  plants  can  bear  certain  increment  load 


DOC 


79134801 


PAGE 


in  condensation  moda/conditions,  which,  however,  decreases  their 
efficiency. 


The  load  of  hydroelectric  power  plants  determine  taking  into 
account  the  control  of  flow  rivers.  The  remaining  load  of  system  they 
distribute  between  thermal  local  exchanges. 


As  peak  stations,  which  work,  into  the  watches  of  the  full  loads 
of  system  (Fig.  1-9) ,  predominantly  are  utilized  the  hydroelectric 
power  plants,  especially  xu  the  periods  when  they  are  not  provided 
with  water  for  a  continuous  operation  at  full  power.  High  value  have 
simplicity  and  short  starting  time  of  hydraulic  generators  (with  the 
complete  set  of  load  less  than  1  min) .  Sometimes  are  utilized  as  peak 
stations  the  thermal  power  plants,  which  work  on  imported 
fuel/propellant  and  least  economical. 


The  association  of  power  plants  by  multiple  operation 
considerably  increases  the  general/common/total  reliability  of  the 
power  supply  of  users,  with  emergency  and  cutoff /disconnect ion  of  one 
of  the  stations  of  system  its  load  is  redistributed  between  other 
stations  of  system.  In  this  case  due  to  charging  to  nominal  power  or 
even  due  to  the  small  short-term  overloading  of  the  aggregates/units 
of  the  remaining  in  work  stations  is  provided  the  uninterrupted 
nourishment  of  all  or  at  least  most  responsible  users  of  disconnected 


DOC  =  79134803  PAGE 

station. 

At  isolated /insulated  the  working  stations  is  necessary  the 
installation  of  standby  units,  capable  of  replacing  off 
aggregates/unit s  during  their  damage  or  repair.  With  to  the  aultiple 
operation  several  stations  there  is  no  necessity  to  establish/install 
standby  units  in  each  station  and  completely  it  suffices  to  have 
total  for  an  entire  system  reserve  capacity. 

In  powerf ul/thick  power  systems  is  possible  the  construction  of 
very  large/coarse  power  plants  with  the  aggregates/units  of  the  large 
power:  2C0-400  MW  and  even  are  more.  Is  explained  this  by  the 
following  reasons.  Por  the  uninterrupted  power  supply  of  users  it  is 
necessary  that  the  system  would  have  available  a  sufficient  reserve 
capacity.  They  usually  consider  it  technically  sufficient  and 
economically  advisable  tc  nave  in  system  the  reserve  capacity,  equal 
to  at proximately/exemplarily  lOo/o  of  power  of  the  aggregates/units 
of  system.  At  the  same  time  this  reserve  capacity  must  be  not  less 
than  the  power  of  the  large/coarsest  aggregate/unit, 
established/installed  at  the  stations  of  system. 

For  example,  in  the  power  system  with  a  power  of  1000  MW,  which 
has  available  reserve  capacity  approximately  100  MW,  the  installation 
of  the  aggregate/unit  with  a  power  of  200  MW  requires  increase  in  the 
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reserve  capacity  of  system  not  less  than  to  200  NW,  i.e.,  to  2Qo/o, 
that  economically  it  cannot  be  justified.  At  the  same  tine  in  the 
systems  with  a  power  of  2000-4000  NW  and  more  reserve  capacity  is 
200-400  MW  and  more,  which  makes  it  possible  to  establish/install  in 
such  systems  the  aggregates/units  with  a  power  of  200-400  HW  and  even 
more  powerf  ul/thick.  Analogous  considerations  show  that  only  in 
united  systems  of  very  large  power  it  is  possible  to  install  the 
power  plants  with  a  power  of  1000-1200  MW  and  more  with  a  relatively 
small  number  of  powe rf ul/thick  aggregates/units. 

In  the  USSR  there  are  more  than  60  power  systems.  Largest  of 
them  are  Moscow,  Leningrad,  Donbas,  Dneprovsk,  Chelyabinsk  and  many 
others  [  L.  3-7  "]. 
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Fig.  3-9.  Diurnal  graph/curve  of  the  resistive  loads  of  power  system 
with  the  indication  of  exemplar y/approximate  participation  in  coating 
of  its  different  power  plants. 

Key:  (1).  KW.  (2).  Peak  stations.  11).  hci^r*;. 

Page  49. 

As  early  as  the  prewar  years  was  initiated  the  association  of 
separate  power  systems  to  multiple  operation.  At  present  work  the 
pools:  Ural,  which  unites  the  Sverdlovsk,  Chelyabinsk,  Permian, 
Bashkir  and  Urussunsk  power  systems;  Southern,  which  unites  the 
Dneprovsk,  Donbas,  Rostov  and  Stalingrad  power  systems;  .Antral, 
which  unites  Moscow,  Gor'kiy,  Ivanovo,  Yaroslavl,  Vladimir  and 
Kalinin  power  systems. 
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The  largest  power  plant  of  the  country  -  the  Volga  hydroelectric 
power  plant  im.  V.  I.  Lenin  with  a  power  of  2300  MM  is  connected  with 
power  transmissions  by  voltage  400  kv  with  the  central  and  Oral 
pools. 

Power  transmission  400  kV  from  Volga  hydroelectric  power  plant 
to  Moscow  with  capacity  to  1500  mm  consists  of  two  parallel  lines 
long  than  800  km  each. 

Electric  power  line  400  kV  Volga  hydroelectric  power  plant  - 
Urals  in  1958  is  lei  to  Chelyabinsk  and  there  will  further  be 
continued  to  Sverdlovsk;  the  total  length  of  this  line  1050  ka. 

Let  us  note,  that  lines  indicated  above  of  transmission  400  kv 
subsequently  it  is  planned  to  transfer  to  voltage  500  kV,  that 
considerably  will  increase  their  capacity  with  snail  supplementary 
expenditures. 

Thus,  they  already  work  in  parallel  to  the  power  plant  of  the 
central  and  Ural  pools  and  Kuybyshev  power  system,  with  this  most  is 
created  the  base  of  the  single  power  system  of  the  European  USSR. 


In  1960  the  Central  pool  will  begin  to  obtain  electric  power 
from  Stalingrad  hydroelectric  power  plant  along  two  lines  by  voltage 
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SOO  kv  in  long  approximately  1000  Jen. 

In  1960  must  put  into  operation  the  electric  power  line  of 
direct  current  by  voltage  800  k.V,  length  of  470  ka  and  by  the 
capacity  750  MW,  which  will  connect  Stalingrad  hydroelectric  power 
plant  with  the  power  system  of  Donbass,  entering  the  southern 
integral  system. 

As  a  result  of  entire  this,  and  also  construction  of  new 
powerful/thick  power  plants  and  connection  of  other  power  systeas, 
the  power  of  the  single  power  system  of  the  European  USSR  in  1965 
comprises  about  50,000  MW,  while  in  1972  -  approxinately/exeaplar ily 
72000  mw.  This  there  will  be  important  in  the  world  power  combine. 

Everything  said  earlier  relative  to  the  technical-econoaic  value 
of  the  creation  of  power  systeas  for  national  econoay  even  in  larger 
measure  is  related  to  the  pools  and,  of  course,  to  single  power 
system.  We  will  be  restricted  to  one  example.  Since  twilight,  but 
respectively  also  evening  load  peaks  in  Urals  begin  on  2  h  earlier 
than  in  Moscow  and  Donbass,  then  only  due  to  this  association  of  the 
power  systems  indicated  will  give  decrease  in  the  united  load  peak  on 
400-500  MW,  which  will  make  it  possible  to  carry  out  the  nourishment 
of  new  users  without  the  installation  of  the  supplementary  generating 
power  on  power  plants  [I..  3-8  J. 
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At  present  Leningrad  power  system  is  connected  with  electric 
power  line  by  voltage  110  kv  with  Estonian  power  systea.  On  this  base 
will  be  further  developed  the  powerful/thick  North  Western  pool. 

In  Caucasus  Georgian  power  system  is  connected  with  Azerbaijan. 
Subsequently  will  be  created  the  powerful/thick  Caucasion  pool  into 
which  I  will  enter  Georgian,  Azerbaijan,  Armenian  and  Krasnodar  power 
sy steas. 

During  the  years  1960-1965  will  be  created  the  pools  in  Western 
Siberia  with  total  installed  power  on  the  order  of  8500  HW  and  in 
East  Siberia  -  appro  Kina  tel  y/exemplarily  12,000  NW.  To  1972  the  power 
of  Siberian  systems  will  exceed  36,000  NW. 

The  following  important  stage  in  the  developaent  of  power 
engineering  of  the  USSR  will  be  the  creation  of  the  power  pool  systea 
of  the  Soviet  Union.  For  this  association  of  the  European  USSR  with 
the  connected  to  it  powerful/thick  North  Western  and  Caucasion 
integral  systems  it  will  be  connected  with  the  systea  interconnection 
of  central  Siberia  and  the  power  systems  of  Central-Asiatic  union 
republics.  The  realization  of  this  enormous  association  will  require 
the  construction  of  the  series/row  of  the  very  powerful/thick  and 
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extended  electric  power  lines  by  voltage  500  k¥,  and  possibly,  and 
higher  voltage. 

with  the  joint  operation  of  power  plants  on  general/connon/total 
electric  system  is  necessary  the  centralized  aanagenent/nanaal  of 
their  work.  This  manageaent/man uai  is  realized  by  a  central  traffic 
control  service  of  the  power  system  in  function  of  which  enters  the 
guarantee  of  fulfillment  of  the  state  plan  of  the  power  production, 
quality  of  energy,  accident  free  and  economical  work  of  power  systee. 
Por  achievement  this  central  traffic  control  service  realizes 
operative  management  and  current  planning,  establishes/installs  the 
most  advantageous  and  most  reliable  modes/conditions  of  the  work  of 
separate  installations  and  power  system  as  a  whole. 

Page  50. 

operative  management  of  the  activity  of  entire  attendant 
(interchangeable)  personnel  of  power  plants  and  supply-line  regions 
is  accomplished  by  the  attendant  dispatcher  of  power  system,  who 
during  his  duty  is  old  operational  face  in  power  system. 

Attendant  dispatcher  is  located  on  the  control  room  of  power 
system,  equipped  by  the  dispatch  board,  on  which  are  indicated  all 
fundamental  elements/ceils  of  power  system  and  with  the  aid  of 
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special  signaling  is  reflected  their  position  (it  is  connected, 
disconnected,  in  repair,  etc.).  On  the  dispatch  board  are 
established/installed  also  the  necessary  measuring  eeters,  which 
indicate  loads  and  voltages  of  individual  parts  and  installations  of 
system.  Control  room  is  equipped  also  by  different  coaeunications 
with  separate  stations  and  by  supply-line  regions. 

The  attendant  dispatcher  of  system  monitors  the  fulfillnent  by 
the  power  plants  of  the  systea  of  the  assigned  graphs/curves  of 
loads,  he  follows  the  correctness  of  control  of  voltage  and 
frequency,  it  leads  by  the  operational  actions  of  the  attendant 
personnel  of  power  plants  and  supply-line  regions  both  during  the 
normal  mode  of  work  and  upon  the  liquidation  of  emergencies  via  the 
giving  of  indications  about  start  and  cu toff /disconnection  of 
generators,  power  transformers,  electric  power  lines,  etc. 

Sometimes  the  dispatcher  can  independently  perform  the 
process/operations  indicated  directly  from  control  room  with  the  aid 
of  the  special  units  of  the  control  at  a  distance  -  of  the  so-called 
devices/equipment  of  remote  control. 

Remote  control  by  fundamental  objects  power  systems  and  wide 
automation  of  the  production  processes  of  hydroelectric  and  thermal 
power  plants,  and  also  electrical  networks  make  it  possible  to  a 
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considerable  degree  to  shorten  the  number  of  personnel  of  all 
components/links  of  power  system.  Many  hydroelectric  stations  and 
substations  generally  can  successfully  work  without  on-duty 
personnel. 

For  the  management/manual  of  the  work  of  the  pools  are  created 
special  dispatcher  controls  of  association.  The  attendant  dispatcher 
of  association  leads  by  the  work  of  the  attendant  dispatchers  of 
separate  power  systems  in  that  part  in  which  this  is  reflected  in  the 
work  of  the  entire  pool. 

3-5.  Fundamental  problems  of  power  systems,  power  plants  and 
ne  two rks/g rids. 

The  operation  of  all  coaponents/links  of  the  system  of 
production,  transmission  and  electrical  power  distribution  must  be  so 
it  is  organized  so  that  the  users  would  be  provided  in  a  proper 
quantity  high-quality  and  possible  with  cheaper  electric  power.  In 
accordance  with  these  fundamental  problems  of  power  systems,  power 
plants  and  networks/grids  they  are  [  L-  3-2]: 

1.  Fulfillment  of  the  state  plan  of 


consumption/production/gener ation,  transmission  and  energy 
distribution  and  coating  the  established/installed  load  peak 
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2.  Guarantee  of  reliable  work,  of  equipnent  and  uninterrupted 
powering  of  users. 

In  general  the  cessation  of  feed  by  electric  power  of  industrial 
enterprises  can  cause:  1)  the  underproduction  of  production  for 
shutoff  period:  2)  the  daaage  of  raw  aaterial  and  unfinished 
production  (for  example,  to  certain  chemical  and  aetallurgical 
productions);  3)  damage  and  disorder  of  production  equipaent  even  4) 
deterioration  in  the  sanitary-hygienic  conditions  of  work. 

If  we  consider  entire  daaage,  applied  to  production  by 
emergencies  on  electrical  devices,  it  will  prove  to  be  that  for  each 
underproduced  by  industry  kilowatt-hour  of  electric  power  the  losses 
of  industry  reach  10-15  rub  and  even  it  is  gore. 

On  electrical  devices  themselves  soae  eaergencies  are 
accompanied  by  the  damage  of  the  most  valuable  equipment. 

Experience  of  operating  networks/grids,  power  plants  and  power 
systems  as  a  whole  shows  that  the  emergencies  appear  as  a  result  of 
the  errors,  allowed  during  design  and  mounting,  the  direct  erroneous 
actions  of  operating  personnel,  and  also  as  a  result  of  late  taking 
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by  it  of  preventive  actions  (inspections,  repairs,  tests,  etc.). 
Daring  careful  design  and  aounting,  and  also  during  the  correctly 
organized  operation  of  eaergency  they  can  be  coapletely  eliminated 
and  electrical  devices  can  be  trouble  free. 

3.  Maintenance  of  normal  quality  of  released  energy  -  frequency 
and  voltage  of  electric  current,  pressure  and  tenperature  of  stean 
and  water. 

The  quality  of  electric  power  is  determined  by  its  voltage  and 
frequency.  Is  necessary  the  observance  of  the  single  frequency  in 
system  and  the  assigned  voltages  in  its  separate  parts.  If  the 
electric  motors  of  industry  are  supplied  by  electric  power  of 
defective  quality  (low  voltages  or  frequency),  then  the  speed  of 
their  rotation  becomes  less  than  the  nominal,  that  entails  the 
underproduction  of  production,  and  in  a  number  of  cases  the 
considerable  overheating  of  engines  and  the  decrease  of  the  period  of 
their  service.  In  some  enterprises  can  occur  deterioration  in  the 
quality  of  production  and  even  damage  of  production. 

4.  Achievement  of  greatest  efficiency /cost-effectiveness  of  work 
by  every  possible  decrease  of  specific  expenditure  of  fuel/propellant 
for  manufactured  electrical  and  thermal  energy,  decreases  in  energy 
consumption  for  its  own  needs  of  stations,  and  also  decrease  of 
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losses  to  transmission  and  energy  distribution. 

Pa  ge  51. 

High  va^  :■*  have  an  increase  in  the  use  of  the  established/installed 
equipment  and  the  careful  observance  of  most  economical 
aodes/conditions  the  operations  of  separate  aggregates/units  and 
transaission  lines.  At  the  same  trap  is  necessary  a  decrease  in 
initial  initial  costs  of  installations,  but  not  to  the  detriment  of 
the  requirements  of  accident  free  and  economical  work. 

In  electrical  devices  very  vital  importance  has  also  providing 
safety  of  work  of  the  service  personnel. 

During  design,  installation  and  operation  of  electrical  devices 
is  to  strictly  fulfill  all  instructions  of  the  "rules  of  the 
device/equipment  of  electrical  installations",  the  "rules  of  the 
operation  of  electrical  stations  and  ret  works/grids",  "safety 
regulations"  and  other  directive  and  instructional  materials  on  these 
questions  of  the  corresponding  leading  organizations  the  OSSR. 
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Chapter  Four. 

Graphs  o*  th»  loads  of  electrical  plants. 

4-1.  General  information. 

The  generators  of  power  plants  at  each  moment  of  time  must 
develop  the  active  and  reactive  power,  sufficient  for  the  nourishment 
of  users,  covering  the  losses  in  net works/grids  and  power 
transformers  and  of  expenditure  for  our  own  needs  of  stations. 

The  necessary  active  power  is  generated  ty  the  generators  of 
power  plants  due  to  the  appropriate  load  of  their  primary 
notor/engines .  Reactive  power  is  generated  both  by  the  generators  of 
stations  due  to  their  appropriate  excitation  and  by  others  esoeciallv 
by  the  adjustable  sources  of  reactive  power  -  by  the  synchronous 
condensers  or  by  capacitors/condensers. 

Active  power  consume  the  tunes  of  electrical  illumination, 
everyday  and  industrial  heaters  and  some  other  electrical  receivers; 
electric  motors,  electric  induction  furnaces  and  other  similar  to 
them  electrical  receivers  consume  both  the  active  and  reactive  power. 
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Transmission  and  electrical  power  distribution  are  accompanied 
by  the  losses  of  active  power  for  heating  of  the  wires  of  the  lines 
of  electric  systems,  windings  and  steel  cf  transformers.  Reactive 
power  is  expended/consumed  on  compiling  of  the  magnetic  fields  of 
electrical  lines  and  in  transformers. 

Certain  power  is  expended/consumed  on  its  own  needs  of  stations 
and  substations:  electric  lighting  and  feed  of  the  electric  motors  of 
mechanisms  of  its  own  needs. 

The  mode/conditions  of  the  work  of  the  users  of  electric  power 
does  not  remain  constant,  but  it  is  changed  in  different  hours  of 
days,  days  of  week  and  months  of  year.  Respectively  changes  the  load 
of  all  components/li nks  cf  transmission  and  electrical  power 
distribution  and  generators  of  stations.  As  has  already  been 
indicated  into  §2-1,  a  change  of  the  loads  of  electrical  devices 
accept  to  depict  graphically  in  tne  form  of  the  graphs/curves  of 
loads . 

Are  distinguished  the  grapns/curves  of  active  and  reactive  load. 
In  the  first  case  along  the  axis  of  ordinates  they  plot/deposit 
resistive  load  in  kilowatts  (kW),  and  the  second  -  reactive  load  in 
the  kilo-volt -amperes  of  reacti  ve/jet  ones  (kilovar) . 
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By  duration  are  distinguishes  the  diurnal  and  annual 
graphs/cur ves  of  loads. 

Diurnal  graphs/curves  of  loads.  In  the  fora  of  an  exaaple  Pig. 
4-1  gives  the  diurnal  graph/curve  of  the  resistive  loads  of  certain 
electrical  device. 


◄ 

i 
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Pig.  4-1.  Diurnal  graph/cur ve  of  resistive  loads,  constructed 
according  to  points. 

Key:  (1)  .  MW.  (4).  hours. 

Page  52. 

The  values  of  the  resistive  loads  of  installation  at  different  tiaes 
of  days  determine  in  projects  by  the  appropriate  calculation,  and  in 
operation  -  according  to  readings  of  measuring  meters.  The  isolated 
points  of  graph/curve,  which  correspond  to  the  loads  indicated, 
connect  by  straight  lines,  why  graphs/curves  has  the  type  of  broken 
line,  h  similar  graph/curve  will  be  the  more  precisely,  the  less  the 
time  intervals  accepted  between  two  adjacent  loads. 


1 
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The  area  of  graph/curve  determines  the  consumption  of  electric 
power  (kw*h);  therefore  for  simplicity  of  confutation  it  it  is 
expedient  to  construct  the  graph/curve  of  stepped  fore  (Pig.  4-2). 
with  construction  of  stepped  graph/curve  take  load  the  installations 
of  constant/invariable  in  tine  interval  between  two  adjacent  loads. 

So  are  constructed  the  graphs/curves  of  reactive  load. 

For  performance  data  of  installation  during  year  it  suffices  to 
have  diurnal  graphs/curves  for  the  most  characteristic  days  of  year. 
Por  the  majority  of  installations  the  most  characteristic  diurnal 
graphs/curves  of  loads  are  winter  (end/lead  of  December)  and  sunner 
(end/lead  of  June)  diurnal  grapns/cur ves .  For  sone  installations, 
connected  with  seasonal  users  (agricultural  users,  peateries,  etc.), 
can  be  of  interest  also  spring  (March  -  April)  and  autumnal 
(September  -  October)  the  diurnal  graphs/curves  of  loads.  Winter 
graph/curve  usually  corresponds  to  the  full  loads  of  installation 
during  year  (greatest  expenditure  for  electric  lighting) ,  and  summer, 
on  the  contrary,  smallest,  although  they  can  be  and 
exception/elimination  (water-pump  stations,  peateries,  agricultural 
users,  etc.) . 


The  full  load  of  installation  on  diurnal  graph/curve  (usually  by 


DOC  =  79  1 3480  3  PAGE 

the  duration  not  less  than  the  half-hour)  is  called  the  maximum 
diurnal  load  /)>lICC>t  (Fig.  4-1  and  4-2).  The  full  load  of  this 
installation  in  the  duration  of  year  call  peak  load  installation  PMthC 
(greatest  ordinate  of  the  greatest  in  year  diurnal  graph/curve,  for 
example,  winder)  . 

The  area  of  diurnal  graph/curve  (Fig.  4-2)  on  the  specific  scale 
gives  electric  power  into  k’  lowatt-hour  i4cyT.  aanufactured  or  consuaed 
by  this  installation  in  the  course  of  twenty-four  hours. 

Knowing  deyT,  it  is  possible  to  deter  nine  the  medium  load  of 
installation  in  days  in  kilowatts  (Fig.  4-2)  : 

til  — -Jj1-  (Al) 

In  practice  are  subdivided  all  numerous  users  of  electrical 
stations  and  substations  into  characteristic  groups,  being  guided  by 
the  generality  of  their  operating  node,  to  the  example:  1) 
public-service  loads  -  habitable  houses,  exterior  lighting,  trolley 
and  trackless  trolley  bus,  water  pipe  and  channeling,  etc.;  2)  power 
and  lighting  commercial  loads  with  supplementary  subdivision 
according  to  branches  of  industry,  number  of  exchanges  and  the  like; 
3)  agricultural  loads  (power  and  lighting)  ;  4)  the  electrified 
transport,  etc. 


Fig.  4-3  and  4-4  give  the  standard  diurnal  graphs/curves  of 
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loads  for  soie  qroaps  of  users,  constructed  on  the  basis  of  the 
aany-year  experience  of  operation.  The  ordinates  of  these 
graphs/curves  are  expressed  in  the  percentages  of  peak  load. 

The  character  of  load  change  from  the  interior  lighting  of  the 
buildings  of  city  in  large  degree  is  determined  by  geographic 
latitude  (duration  of  the  dark  and  light  parts  of  the  days).  The 
diurnal  graph/curve  of  loads  froa  the  interior  lighting  of  the 
buildings  of  large/coarse  city  somewhat  differs  from  a  similar 
graph/curve  for  a  small  city  and  the  more  so  for  a  settlement.  Then 
is  related  also  to  exterior  lighting. 
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Fig.  4-2.  Diurnal  graph/curve  of  resistive  loads. 

Key:  (1).  MW.  ft),  hours. 

Page  53. 


The  graph/curve  of  loads  froa  the  electrified  transport  (trolley 
and  trackless  trolley  bus)  depends  on  the  character  of  city,  relief 
of  locality  (even,  hilly,  etc.),  traffic  voluae  on  lines,  etc. 


The  graphs/curves  of  the  loads  of  industrial  enterprises  can 
considerably  differ  froa  standard  depending  on  beginning  and  end/lead 
shifts,  time  of  dinner  breaks,  value  of  night  load,  etc.  Enterprises 
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in  different  fields  of  industry  can  have  the  differing  graphs/carves 
of  loads.  Por  example,  the  graphs/curves  of  the  loads  of  cheeical 
enterprises  are  always  more  uniform  in  comparison  with  the 
graphs/curves  of  the  loads  of  the  Machine  Building  Plants. 

Sometimes  the  operating  time  of  different  enterprises  of 
artificial  shift/shear  for  the  purpose  of  the  creation  of  the  sore 
uniform  load  of  electrical  stations  and  substations.  This  can  lead  to 
the  fact  that  even  for  uniform  enterprises,  but  working  into 
different  time,  diurnal  graphs/curves  will  be  somewhat  different. 

The  separately  working  power  plants,  and  also  the  reducing 
substations  supply  certain  limited  circle  of  users.  The  form  of  the 
diurnal  graphs/curves  of  similar  installations  depends  on  the 
composition  of  their  users.  With  considerable  load  from  electric 
lighting  diurnal  graph/curve  is  very  nonuniforn,  since  load  into 
evening  hours  is  considerably  more  than  loads  into  daytime,  night  and 
morning  hours  (Pig.  4-5).  uiurnal  graph/curve  in  summer  days  sharply 
differs  from  diurnal  graph/curve  in  winter  days  both  value  of  loads 
into  different  hours  and  by  tine  of  peak  load  which  is  displaced  by 
the  later  hours  of  days.  Therefore  the  annual  mode  of  operation  of 
electrical  station  or  substation,  which  feeds  predominantly 
electrical  illuminating  users,  is  characterized  by  large 
nonuniformity. 
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With  considerable  power  load,  especially  in  the  presence  two- 
and  three-shift/thrae- way  interchangeable  enterprises,  diurnal 
graph/curve  is  sore  uniform  (Fig.  4-6)  and  loads  in  winter  days  less 
differ  from  loads  in  the  summer  days  (is  more  uniform  annual 
mode/ conditions)  .  The  more  uniform  the  graph/curve,  the  more 
full/totaler/more  complete  is  utilized  the  established/installed  at 
station  equipment  and  with  which  the  large  the  efficiency  it  works 
(descends  the  prime  cost  of  that  developed  of  the  kilowatt-hour  of 
electric  power). 

Fig.  4-6  gives  also  the  diurnal  graph/curve  of  the  reactive  load 
of  power  plant.  The  maximums  active  and  reactive  load  usually  do  not 
coincide,  since  during  the  maximum  resistive  load  installation  works 
with  the  the  highest  cos#  as  a  result  of  considerable  lighting  load. 
Manifests  itself  also  the  fact  that  by  this  time  conclude  work  the 
small/fine  one-shift  enterprises,  equipped,  as  a  rule,  by  small/fine 
electric  motors  with  the  the  low  cos#.  On  the  other  hand,  into  the 
daytime  hours  when  lighting  load  is  small  in  comparison  with  power, 
installation  works  with  smaller  cos#,  that  also  gives  an  increase  in 
the  reactive  load.  Thus,  reactive  load  changes  disproportionately 
active  as  a  result  of  inconstancy  cos*  in  the  course  of  twenty-four 
hours . 


T 
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Fig,  4-3.  Standard  diurnal  graphs/cur ves  of  the  loads  of  the 
public-service  of  electric  consuaers.  1  -  electric  lighting  of  the 
habitable  houses;  2  -  saall/fine  domestic  electric  appliances;  3  - 
electric  lighting  of  the  public  buildings;  4  -  external  electric 
lighting;  5  -  everyday  light  power  motors;  6  -  the  pumping  stations 
of  water  pipe  and  channeling;  7  -  urban  electrified  transport 
(trolley,  trackless  trolley  bus)  ;  d  -  summary  chart  for  a  city  with 
the  population  of  20-250  thousand  inhabitants,  which  considers  load 
curves  by  1-7. 


Key;  (1).  Winter  days.  (2).  Summer  days.  f3).  hours 
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Pig.  4-4.  standard  diurnal  graphs/curves  of  the  loads  of  industrial 
electric  requirements.  1  -  with  the  one-shift  work;  2  -  with  the 
two-shift  work;  3  and  4  -  with  two-and-a-half  and 
three-shif t/t hree-wa y  interchangeable  work. 

Key:  (1).  Winter  days.  (2).  summer  days.  (5).  htlTf 

Page  54. 

Value  of  cos*  of  installation  depends  also  on  charging  of  the 
electric  motors  of  users  into  different  hours  of  days,  on  the  value 
of  the  voltage,  conducted/supplied  to  electrical  receivers  and,  etc. 
with  the  decrease  of  the  load  of  network/grid  decreases  loss  of 
voltage  in  it  and  somewhat  increases  the  voltage,  conducted/supplied 
to  electric  motors.  In  connection  with  this  increases  the  consumed  by 
then  reactive  power. 

In  power  system  all  in  parallel  working  stations  participate  in 
coating  of  the  total  load  of  the  system  (see  §3-4,  Fig.  3-9).  Since 
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the  networks/grids  of  power  systems  encompass  very  vast  region  and 
supply  a  large  number  of  users  with  different  aodes/conditions  works, 
then  their  diurnal  graphs/curves  of  loads  are  tore  uniform,  rather 
than  the  diurnal  graphs/curves  of  the  loads  separately  (it  is 
isolated/insulated)  of  the  working  power  plants.  The  diurnal 
graphs/curves  of  the  loads  of  systems  are  sinilar  to  those  given  in 
Fig.  4-6. 


Annual  graphs/curves  of  loads.  The  special 
features/peculiarities  of  the  annual  mode/conditions  of  the  work  of 
electrical  devices  clearly  are  revealed/detected  with  the  aid  of  the 
annual  graphs/curves  of  loads.  In  practice  they  most  frequently  use 
the  annual  graph/curve  of  a  cnange  in  the  diurnal  peak  loads  and 
annual  graph/curve  in  duration. 

The  annual  graph/curve  of  a  cnange  in  the  diurnal  peak  loads  for 
stations  with  the  predominant  lighting  lead  is  qiven  in  Fig.  4-7. 
Along  the  axis  of  abscissas  are  deposited/postponed  the  days  on  the 
months  of  year  (from  1  January  through  31  December),  while  on  axis  of 
ordinates  -  diurnal  load  peaks.  The  peak  load  on  31  December  is  more 
than  the  maximum  load  on  1  January  as  a  result  of  an  increase  in  the 
load  in  year.  The  smallest  diurnal  peak  load  falls  on  1  July.  This 
graph /curve  approximately  can  be  constructed  in  the  form  of  broken 
line  as  this  in  the  fora  of  an  example  shown  by  greasy/fatty  dotted 
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line  in  Fig.  4-7. 

If  are  known  a  number  and  the  power  of  the  established/installed 
aggregates/units  of  station  or  substation  (generators  or 
transformers) ,  then,  by  using  a  sinilar  graph/curve,  it  is  possible 
to  establish  how  many  aggregates/units  must  be  located  in  work  in 
different  periods  of  year.  This  Bakes  it  possible  to  utilize  this 
graph/curve  for  the  establishment  of  the  possible  periods  of  the 
repair  of  aggregates/units  and  nuaber  of  aggregates/units,  which  can 
be  simultaneously  overhauled. 

For  example,  let  us  suppose  that  at  the  station  the  annual 
graph/curve  by  which  is  given  in  Fig.  4-7,  are  established/installed 
four  aggregates/ units  of  tne  identical  power,  one  of  which  is 
stand-by.  After  conducting  on  annual  graph/curve  the  horizontal 
lines,  which  correspond  to  the  power  of  aggregates/units,  we  find 
that  for  coating  of  maximum  loads  in  periods  from  1  January  through  1 
April  and  then  from  1  October  through  31  December  are  necessary  three 
working  aggregates/units,  in  periods  from  1  April  through  1  June  and 
from  1  August  through  1  October  for  coating  cf  peak  loads  are 
necessary  two  aggregates/units,  but  in  period  from  1  June  through  1 


August  -  only  one 
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Pig.  4-5.  Diurnal  graphs/curves  of  the  loads  of  power  plant. 


Key:  (1).  kw.  (2).  Winter  days.  (3).  Surawer  days.  (^)  hocrt 


Pig.  4-6.  Diurnal  graphs/curves  of  loads  of  powerful/thick  power 
plant  or  power  system. 

vkjfear  • 

Key:  (1).  kW.^(2).  Resistive  load.  (3).  Reactive  load.  (<4).  uci.s. 


Pig.  4-7.  Annual  graph/curve  of  change  in  diurnal  peak  loads. 
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Key:  (1).  kW.  (2).  Days. 

Page  55. 

Using  these  data,  establishes/installs  most  rational  periods 
conducting  the  scheduled  maintenance  of  the  aggregates/units  of 
station  with  the  retenticn/preservation/maintaining  of  the  necessary 
reserve  capacity. 

Annual  graph/curve  on  duration  is  given  in  Fig.  4-8.  This 
graph/curve  shows  duration  of  the  work  of  installation  during  year 
with  different  loads.  Along  the  axis  of  abscissas  are 
deposited/postponed  the  hours  of  year  from  0  to  8760  h,  while  along 
the  axis  cf  ordinates  -  load  in  kilowatts. 

Approximately  annual  graph/curve  on  duration  can  be  constructed 
on  two  characteristic  diurnal  graphs/curves  of  the  loads  of 
electrical  device  (in  winter  and  summer  days),  as  shown  in  Fig.  4-9. 
In  this  case  conditionally  they  accept,  that  the  duration  of  winter 
period  of  213  days  (7  mo.),  and  summer  -  152  days  (5  mo.). 

Construction  they  begin  with  maximum  and  fulfill  by  way  of  a 
gradual  decrease  in  the  power,  for  which  through  both  diurnal 
graphs/curves  is  carried  out  the  series/row  of  the  horizontal  lines 
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the  distance  between  which  select  in  accordance  with  desirable 
accuracy  constructions. 

In  the  form  of  an  example  let  us  show  the  determination  of  the 
annual  duration  of  power  Pt:  fron  winter  graph/curve  <*.i+Cr  from 
summer  -  zero;  annual  Tt=  (/,,  +  /;, >213.  Plotting/depositing  the  obtained 
value  of  T 1  along  the  axis  of  the  abscissas  of  annual  graph/curve,  we 
find  point  a.  the  annual  duration  of  power  P2:  on  winter  graph/curwe 
U.3  +  ‘in-  on  summer  is  annual  T*=  (',.2+0213  + 152.  On  annual 
graph/curve  this  corresponds  to  point  b. 

After  fulfilling  ail  constructions*  is  obtained  annual 
graph/curve  in  the  form  of  stepped  broken  line.  It  is  possible  to 
draw  the  curve  of  annual  graph/curve  (dotted  line  in  Fig.  4-9),  but 
so  that  the  area,  enclosed  by  tnis  curve,  would  be  equal  to  the  area, 
limited  by  stepped  line. 

If  necessary  more  precise  constructions  of  annual  graph/curve 
use  a  large  number  of  diurnal  graphs/curves,  for  example  in  winter, 
summer  and  spring-autumn  days,  in  the  latter  case  they  conditionally 
accept  the  duration  of  winter  and  summer  periods  on  91  days,  and  the 
spring-autumn  period  -  183  days. 


The  area  of  annual  graph/curve  on  the  duration  (it  is  shaded  in 
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Fig.  4-8)  on  the  specific  seals  gives  electric  power  into 
kilowatt-hour  d,**.  a&nufactured  or  consumed  by  installation  during 
year. 


The  average  annual  load  o£  the  installation 

1  <4*2) 

where  8760  -  nuaber  of  hours  in  year  (24x365). 

Annual  graphs/curves  on  duration  are  utilized  in  the 
technical-economic  calculations:  with  the  deteraination  of  the  aost 
advantageous  number  and  power  of  the  aggregates/units  of 
installation,  losses  of  electric  power  in  networks/grids  and 
transformers,  etc. 


Pig.  4-8.  Annual  graph/curvs  on  duration. 


Pig.  4-9.  construction  of  annual  graph/curve  on  duration. 


Key:  (1).  (2).  Diurnal  graph/curve  in  winter  days.  (3).  Diurnal 

graph/curve  in  sunmer  days.  (4).  Annual  graph/curwe  on  duration.  (5). 


h 
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*•2.  Mslgution  of  the  grtpki/carws  of  loads. 

Is  operatios  on  the  graphs/curves  of  the  loads: 

1*  Is  established/iastalled  the  starting  tine  and  stop  of  the 
aggro gates/an Its  of  station  how  are  provided  the  steadiness  of  feed 
by  electric  poser  of  users  and  the  efficiency/cost-effectiveness  of 
the  operation  of  station*  Since  for  lannching/starting  and  connection 
of  aggregates/onits  is  necessary  for  a  while,  the  tiae  lag  in  the 
coanectioa  of  aggregates/onits  with  aa  increase  in  the  load  of 
station  can  lead  to  the  overloading  of  the  working  aggregates/units 
and  need  of  the  cntoff /disconnection  of  the  part  of  the  users. 
Preaatsre  lannching/starting  or  late  cntoff/disconnection  of 
aggregates/onits  leads  to  a  decrease  in  the  average/nean  charqing  of 
aggregates/onits,  which  can  be  reason  for  decreasing  in  plant 
efficiency,  excessive  fuel  cons u option  and  rise  in  price  of  electric 
poser*  Everything  said  to  a  de ter nine d  degree  is  related  to  the 
sohstations  on  which  a  noaber  of  connected  transforners  is  expedient 
to  change  with  a  change  ia  the  load  of  substation* 


i 


J 
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2m  They  iittriiN,  vktt  guaatity  of  electric  power  can  be 
eanefactared  daring  da ye,  year  or  other  periods  of  operation.  Knowing 
electric  energy  generation  and  specific  fuel  consumption  per  the 
aanafactered  kilowatt* hoar,  it  is  possible  to  deteraine  the  fuel 
coasa option  at  station  daring  certain  period  of  operation  (but  on 
hydroelectric  power  plants  according  to  the  specific 
expeaditore/consnaption  of  water  -  erpenditare/consuaption  of  water 
daring  the  specific  period  of  tisej. 

3.  Plans/glides  tiae  cond acting  of  repairing  basic  equipment. 

In  operation  one  should  in  every  possible  way  approach  the 
achieveaent  possible  of  the  aore  unifora  graph/curve  of  the  leads  of 
station  (substation,  system),  thanks  to  which  is  raised  the  use  of 
the  established/installed  eg nip sent,  decreases  the  specific  fuel 
consaaption  and  as  the  final  xesalt  is  reduced  the  price  electric 
power.  Tery  desirably  also  a  decrease  in  the  total  load  peak  (without 
daaage  for  the  work  of  individual  users) ,  which  allows  at  the  same 
installed  poser  of  station  (substation,  systen)  to  ensure  the 
nonrishnent  of  the  users  of  larger  power  (connection  of  new  users, 
developaent  of  those  operating). 
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la  the  industrial  rsgioas  of  certain  dacrsase  in  the  total  load 
pa at  and  equalisation  of  graph/curve  it  is  possible  to  achieve  by 
displacsaaat  paths  of  the  tisa  of  the  dinner  breaks  of  shops  within 
large /coarse  enterprises  (without  daaaga  for  their  work) , 
establishaeat  of  the  necessary  hours  of  the  work  of  one-shift  and 
snall/fine  waste or is h  enterprises  with  the  fact,  in  order  for  then  to 
finish  work  before  the  tine  of  load  peak  froa  illumination,  so  forth. 

Is  expedient  the  connection  of  seasonal  users,  who  work  in  the 
periods  of  seaaer  dropping  of  load  (peatery,  sone  agricultural  users, 
etc.| ,  and  also  users,  who  have  light  load  during  the  load  peak  of 
station  (substation,  systea)  • 

During  design  on  carves  of  loads  is  deterained  the  peak  load  of 
station  or  substation.  Knowing  the  latter,  and  also  character  load 
changes  during  characteristic  days  and  only  year,  select  a  most 
econoaical  and  convenient  in  operation  nuaber  of  aggregates/units  and 
their  power. 

The  graphs/curves  of  loads  use  also  with  the  coaputation  of  the 
losses  of  electric  power  in  electric  power  lines  and  power 
transforaers,  daring  the  deter nination  of  aost  econoaical 
aode/coaditions  the  works  of  the  aggregates/units  of  stations  or 
traasforners  of  substations,  also,  for  soae  other  purposes. 
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*-3.  Coefficients.  which  characterize  the  node/conditio  as  of  the  work 
of  electrical  plants. 

Bode/conditions  the  work  of  electrical  devices  daring  certain 
period  of  tine  (days,  year)  are  characterized  by  the  following 
values. 


Degree  of  irregalarity  (filling)  of  the  graph/carve  of  the  loads 
of  installation  characterizes  load  factor  (doty  factor  of 
graph/carve) 


(4-3) 


•here  f  -  a  nonber  of  hoars  of  the  work  of  installation  during  the 
period  of  tine  (in  days  T=24  h;  in  year  T*8760  h) in  question;  a  - 
nannfactered  or  consnsed  quantity  of  electric  power  for  the  same 


.v. 


Pcp-  nean  load  of  installation  for  the  sane  tise;  1  PBIi:  -  the 


tine; 

peak  load  of  installation  for  the  sane  tine  (days.  year). 


They  distinguish  *„cyT  and  kntaA.  >hen  kt—  1  (great  possible  value) 
the  graph/enrve  is  converted  into  straight  line,  parallel  to  the  axis 
of  abscissas  (line  dotted  line  with  point  in  Fig.  4-2  and  4-8). 
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Page  57. 


Factor  of  load  shoos  how  uaj  tisos  th«  aanufactured  (consumed) 
fuitity  of  oloctric  power  daring  tho  period  of  tiae  (days,  year)  in 
goestioo  loss  than  that  goaatity  of  electric  power  which  would  be 
aaaufaeturef  (it  is  coasused)  within  the  sane  tiae.  if  the  lead  of 
installation  always  was  equal  to  aaxinnn.  i. e. .  (*,  it  was  equal 

to  tko  ratio  of  the  area  of  graph/carve,  equal  to  A.  to  the  area  of 
roctanglo  OABi,  equal  to  -  see  Pig.  4-2  and  4-8}.  coaparinq  *, 

for  different  installations  (calculated  during  the  identical  period 
of  tine},  it  is  possible  to  estahlish/install.  which  of  then  works 
with  nore  unifora  graph/carve,  since  the  nore  uni  fori  the 
graph/curve.  nearer  •.  to  one. 


For  the  characteristic  of  the  graph/cur we  of  the  loads  of 
installation  it  is  possible  to  use  also  the  desand  tine  of  the  peak 

load 

*  U1KC 


which  shows,  how  aany  hours  during  the  period  of  tine  (days,  year)  in 
question  installation  oust  wort  with  coast ant/invariable  peak  load  in 
order  to  nanufacture  (to  consuae)  that  actually /really  aanufactured 
(consuaed)  during  this  period  of  tine  a  quantity  of  electric  power 
(7  it  is  equal  to  the  base  of  the  rectangle  with  a  height  of 
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pu,ue>  whose  area  was  equal  to  &,  i.e.,  the  area  of  real  curve  of 
loads,  see  Pig.  4*2  and  4*8) . 


It  is  obvious  that  7~.,.r.  <T.  Coa  paring  for  aulas  (4-3)  and  (4-u)  ,  w 

find: 


A  —  ^uu^iun  •  (4-5) 


whence 


r  =*  t. 

1  MSKC  U  * 


(4-6) 


In  practice  they  use  also  the  capacity  factor 


L  . *  _  '  CP 

*i —  Tp  —  'P 

*  *yeT  ryc? 


(4-7) 


or  the  denned  tine  of  the  installed  power 


y« 


=  kuT. 


(48) 


la  foraulas  (4-7)  and  (4.8)  by  Pycr  should  be  understood  the 
total  installed  power  in  the  kilowatts  of  all  aggregates/units, 
including  stand-by  ones. 


The  coefficient  of  use  characterises  the  degree  of 
utilisation  of  installed  power  of  aggregates/units  (use  of 
equipaent).  It  is  obvious  that  *„<i  and  ihen  k M  =  h„  on  station 

or  substation  there  is  no  reserve  capacity  of  generators  or 
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traasforaers. 

Tkt  deaaad  tiu  of  installed  power  shows,  how  many  hours  during 
the  period  of  fciee  in  question  aust  be  to  work  all 
sstablished/installsd  at  statioa  generators  (on  substation  - 
traasforaers)  with  fall  load*  ia  order  to  aanufacture  the 
actually/rsally  nano fact ured  for  the  tiae  indicated  quantity  of 
electric  power  A.  As  a  role  Ty;j<T. 

The  annual  deaand  tiae  of  peak  load  TKtKC  of  power  stations  and 
substations  depends  froa  the  character  of  their  load  and  comprises  to 
2000~*000  h  (*„  *=0,23— 0,45)  for  installations  with  considerable  lighting 
load  and  for  isolated/insulated  the  working  stations  and  to  4000-7000 
h  (A*  “0,45— 0,80)  for  the  powerf al/thick  installations,  which  feed 
predoainantly  power  load,  aoreover  uore  than  nuweral  they  are  related 
to  the  power  systeas,  which  feed  the  heavy  industry,  which  works  in 
three  exchanges. 

*-*•  Construction  of  the  diurnal  graphs/curves  of  loads  in  operation. 

The  diurnal  graphs/curves  of  loads,  which  are  found  in  the 
exploitation  of  users,  can  be  constructed  by  aeasuring  the  required 
by  thee  poser. 
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The  graphs/carves  of  resistive  loads  can  be  constructed  from 
readings  of  the  eattaeters,  adjusted  in  a  nuaber  of  cases  on  lines  or 
substations,  which  feed  the  powerf ul/thick  consuaers.  For  this 
reading  of  eattaeters  the;  write/record  through  the  specific  time 
intervals  -  in  1  h  or  30  ain  -  depending  on  the  desirable  degree  of 
accuracy  of  graphing.  Ia  the  absence  of  the  constantly  connected 
eattaeters  are  utilized  aovable  eattaeters. 

Page  58. 

The  graphs/carves  of  reactive  load  can  be  constructed  from 
readings  of  the  aapere- volt asters  of  reactive/ jet  ones.  In  the 
absence  of  the  latter  are  utilised  the  aaaeters.  the  voltneters  and 
the  eattaeters  froa  readings  of  which  are  deterained  first  factor  of 

the  power 

cos  *  ~  YWr 

and  then  the  reactive  load 

Q  —  P  tg  <?•  (4-9) 

Value  of  tge  is  found  through  trigonoaetric  tables  in  the  known 
value  cos#.  In  soae  cases  are  used  phaseaeters,  which  directly 

aeasure  cos#. 
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It  is  very  staple  to  construct  the  diurnal  graphs/curves  of 
users  froa  the  counter  readouts  of  energy,  established/installed  for 
calculation  for  electric  poser  sith  the  feeding  systea.  By  counter  i 
deter aiaed  the  average/aeaa  value  of  the  required  poser  from  any 
desirable  degree  of  accuracy,  i«e«,  in  any  tine  interval. 

For  eras pie,  if  counter  readout  are  written/recorded  in  the 
hour,  aoreoser  tso  subsequent  readings  are  equal  to  k1  and  kz,  then 
the  aediua  load  of  user  in  given  hour  will  coapose  A2~At/l  kw.  if 
recording  is  conducted  through  each  of  half-hour,  then  medium  load 
will  coapose  fAj-Atj/1/2  hi.  Having  a  recording  of  counter  readouts  in 
days,  it  is  possible  to  construct  the  diurnal  graph/curve  of  the 
loads  of  user  (stepped,  in  terns  of  the  average/aean  values  of 
loads)  • 

Analogously  froa  the  counter  readouts  of  quadergy  it  is  possihl 
to  construct  the  diurnal  graph/curve  of  the  reactive  load  of  user. 

The  diurnal  graphs/curves  of  the  resistive  loads  of  power  plant 
and  substations  construct  on  the  basis  of  hour  (or  half-hour) 
recordings  of  readings  of  wattaeters,  established/installed  on 
generators  or  transf oraers.  On  snail  substations  in  the  absence  of 
the  vattaeters  of  the  graph/carve  of  loads  it  is  possible  to 
construct  froa  readings  of  counters  established/installed  to 
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The  diurnal  graphs/curves  of  the  reactive  load  of  generators  are 
coastracted  froa  readings  of  the  established/installed  on  them 
aspere-voltseters  of  reactive/ jet  ones,  bat  in  their  absence  are 
at  Hired  readings  of  their  aaaeters,  voltaeters  and  vattaeters  as 
this  shown  above. 

If  on  generators  are  established/installed  the  recording 
(recording}  vattaeters  and  aapere* voltaeters  reactive/jet,  then  the 
graphs/carves  of  the  loads  of  aggregates/anits  are  obtained  directly 
on  the  tapes  of  these  instruneats*  Suasarizing  the  diurnal  recordings 
of  recorders  of  all  aggrcgates/usits,  is  obtained  the  diurnal 
graph/carve  of  an  entire  installation.  At  powerful  stations  with 
several  installations  are  installed  also  adding  recording  devices; 
the  total  carve  of  the  load  of  the  station  is  recorded  on  the  tape  of 
this  instrument. 

4-5.  Constraction  daring  the  design  of  the  diurnal  graphs/curves  of 
the  loads  of  users  and  substations. 

For  the  construction  of  the  diurnal  graph/curve  of  the  loads  of 
substation  it  is  necessary  to  have  the  diurnal  graphs/curves  of  the 
loads  cf  consolers  supplied  fros  this  substation. 
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Let  us  begin  with  the  examination  of  the  simplest  oase  of  the 
construction  of  the  diurnal  graph/curve  of  the  loads  of  substation  to 
secondary  voltage  of  up  to  1000  V,  which  feeds  the  group  monotypic 
electric  receivers  with  the  same  operating  modes  (for  example, 
substations  P-1  in  Pig.  3-5).  For  this,  first  of  all,  necessary  to 
know  total  established/installed  pyt  and  total  that  connected 
p  .  powers  of  the  electric  receivers. 

Under  the  installed  power  of  electrical  receiver  is  understood 
its  power  on  certificate,  i.e.,  its  nominal  power  Tn 

estab lisned/installed ,  i.e.,  by  nominal,  power  of  electric  motor 
is  the  power,  developed  with  it  on  shaft  with  full  load.  S^Thus 
pyt  —  pHOMi  it  is  defined  as  the  sum  of  the  nominal  (certified/rating) 
power  of  all  electrical  receivers,  established/installed  in  the 
network  of  substation. 


By  the  coM«ct«d  poNr  of  electrical  receiver  is  understood  the 

power,  consaaod  by  it  free  network  daring  f ull/total/cowplete 

charging.  For  the  incandescent  bulbs,  heaters  and  furnaces 

p«f~py—pmu>  while  for  electric  notors  P  where  - 

v  % 

efficiency  of  electric  aotor  daring  f all /total/couplete  (nominal) 
charging. 

Than,  Papt<  is  defined  as  the  total  power,  consuaed  from  network 


2 

1 

1 

l 


4 


I 
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by  all  electricity  receivers  shea  they  all  are  connected  to  network 
and  work  with  f all/total/coaplete  charging.  Approxiaately  for  the 

p 

groap  of  electric  aotors  .  where  ^  -  average/aean  value  the 

efficiency  of  electric  actors* , 

Coasnsed  froa  network  by  the  groap  of  electrical  receivers  power 
or*  in  other  words*  net  load  P ,  at  any  aoaent  of  the  tiae*  is  always 
less  than  the  total  connected  power  of  electrical  receivers  and  is 
only  in  rare  cases  egoal  to  it 

Page  59* 

Is  explained  this*  first  of  all*  by  the  fact  that  to  electric 
systea  asoally  are  connected  not  all  established/installed  electrical 
receivers*  bwt  soaetiaes  also  by  the  fact  that  not  all  connected 
receivers  work  with  fall  load* 

If  we  take  for  an  exaaple  the  internal  electric  lighting  of 
habitable  houses,  then  never  it  is  so  that  would  be  simultaneously 
connected  all  tabes  of  the  interior  lighting  even  of  one  large/coarse 
habitable  hoase*  bat  that  it  is  aore  district  of  city*  whole  city, 
settleaent*  otc.  Sven  into  the  evening  hoars  of  winter  days  some  part 
of  the  tabes  rssaias  off. 


A 
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In  the  najor  industrial  enterprise*  equipped  by  a  large  nun  her 
of  electric  lotors*  also  aever  it  is  so  that  siaultaneously  would 
work  all  established/installed  electric  aotors*  that  as  part  of  the 
production  aechanisas  usually  is  located  in  leading-in  or  repair, 
aany  auxiliary  aechanisas  work  periodically  (taps/cranes,  hoists, 
coapressors  aad  aany  others)#  in  coaplicated  aechanisas  with 
co-ordinated  drive  the  electric  aotors  work  in  the  specific  sequence 
in  proportion  to  the  fulfillaeat  of  separate  process/operaticns,  etc. 

Production  aechanisas  and  aachiae  tools  supply  with  the  standard 
electric  aotors  whose  noainal  power  soaetiaes  soaewhat  exceeds  the 
required  power  of  aechaaisa  or  aachine  tool*  determined  from  the 
conditions  for  their  qraatest  charging.  However*  the  real  charginq  of 
aechaaisa  or  aachine  tool  is  deterained  by  the  conditions  for 
technological  process  and  can  considerably  differ  from  calculation. 
Therefore  soae  electric  aotors  of  enterprise  work  with  fractional 
load. 


The  greatest  ia  year  power#  consnaed  by  electrical  receivers 
durlag  aot  less  thaa  the  half-hour*  it  is  called  peak  load  PK,mtn  and 
it  is  datereiaed  froa  tha  condition: 

^I.MU  **  *#W  (4-10) 

whore  -  e  diversity  fector  of  the  work  of  the  electrical 
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r*c«iv«c>;  kt  -  load  factor  of  aloctrical  receivers. 


Divarsity  factor  kn  shows*  what  part  of  the  connected  power  of 
all  established/installed  aloctrical  receivers  coaposes  the  connected 
power  of  the  receivers,  which  work  daring  peak  load,  i.e. 

p. 


k  = 


_  npp»8 


r»pl 


(4-11) 


share  Pafpt6  *  the  connected  power  of  the  electrical  receivers,  which 
work  daring  the  peak  load;  Pnpi  —  total  connected  power  of  all 
electrical  receivers. 


Load  factor  kt  characterises  charging  the  electrical  receivers, 
which  work  daring  peak  load,  la  other  words,  load  factor  shows,  what 
part  of  the  connected  power  of  the  electrical  receivers,  which  work 
daring  sasiaae  coaposes  their  peak  load,  i.e. 

p . 


h  _ ' 

■  p 

op.p«0 


(4-12) 


Coefficients  *o  and  kt  can  he  equal  or  less  than  unity  in 
dependence  on  type  and  noaber  of  electrical  receivers  and  node  of 
their  operation. 


In  the  fora  of  an  exaaple  let  ns  point  oat  that  according  to  the 
data  of  operation  the  diversity  factors  of  installations  of  internal 
electric  lighting  in  snail  cities  and  settleaents  conpose  0.7-0. a. 
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aid  ia  large/coarse  cities  0*4- 0.7,  the  Interior  lighting  of 
iadsstrisl  aa tar prises  0.4-0. 8,  external  electric  lighting  1.  Load 
factor  of  electrical  illoainatlag  installations  in  all  cases  *,"I. 

Por  obtaining  the  diurnal  graph/curve  of  the  loads  of  substation 
it  is  necessary  to  first  construct  the  diurnal  graph/curve  of  the 
loads  of  electrical  receivers,  ahich  feed  froa  this  substation,  in 
this  case  they  use  the  appropriate  standard  diurnal  graph/curve  or 
the  diernal  graph/carve  of  the  analogous  operating  user,  introducing 
into  it  the  necessary  changes  ia  the  relation  to  the  tine  of 
beginning  and  teraination  of  shifts,  the  duration  of  shifts  and 
dinner  breaks  and  other  individual  characteristics  of  users. 

The  aaterials,  necessary  for  graphing  of  the  loads  of  users,  arc 
given  in  the  appropriate  aanageaeat/nanuals  and  annuals  f 4— 11. 

After  accepting  tor  base  certain  diurnal  graph/curve  and  having 
previously  calculated  value  it  is  easy  to  determine  lead  in 

kilovatts  for  each  hour  of  days  and  to  construct  in  the  corresponding 
seals  the  diernel  graph/curve  of  tha  loads  of  usar. 

fugs  80. 


Ths  graph/curve  of  the  loads  of  substation  differs  from  the  us° 
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conditions  by  the  Magnitude  of  losses  of  power  Id  network.  Losses  in 
the  vires  of  aetwork  are  the  losses  by  variable/alternating  (**«,). 
siaee  it  are  directly  proportioaal  to  square  the  load  of  network. 

ifter  constructing  in  the  coordinate  axes  the  diurnal  use 
conditions,  add  to  its  ordinates  variable/alternating  losses  into  the 
networks  (Pig.  *-10) ,  calculated  as  follows. 

Tariable/alternating  losses  in  network  with  peak  load  are 
deteraiaed  froa  the  foranla: 

P  ~  Pnt p*/»  p  <a  io\ 

MIKC.Bep  'Too  »•“•*«*  \*lol 

where  P^U  -  losses  in  the  sires  of  network  in  percentages  of 

Tariable/alternating  losses  in  any  hour  of  days  t  with  load  P, 
(Pig.  8-101 

^»rp  /  =  ^MMc  nep  ~~p  •  (^*^) 

*  N.MSKC 

In  networks  by  voltage  of  np  to  1000T  J-5o/o. 

The  peak  load  of  substation  can  be  deternined  without  graphing 
of  load  by  the  foraula: 

P  =  P  -UP 

MBC.BMCT  '■MC.Mp* 
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Taking  into  account  fornulas  (4-10}  and  (4-13),  it  is  possible 
to  write: 


or 


p  —  b  p 

*  mtc.ao.wT  c  yl* 


(4-15i 


■boro 

*.=('  + 

-  the  coefficient  of  the  deaaad  of  the  group  of  electrical  receivers, 
•hick  considers  both  the  diversity  factors  and  charging  of  receivers 
and  their  efficiency  and  loss  in  network  froa  receivers  to  the 
traasforaers  of  substation  £4-1]. 


If  substation  supplies  several  groups  of  users  with  different 
operating  nodes#  then  for  each  characteristic  group  of  consumers  they 
deter  nine  PJt  and  Pupt,  accept  the  values  of  coefficients  ft,  and  ft,, 
con  pete  Pnmtn  end  are  constructed  the  diurnal  characteristic 
graphs/cnrves  of  loads.  For  graphing  of  the  loads  of  substation  are 
constructed  the  characteristic  graphs/curves  of  all  groups  of  users 
into  sons  coordinate  axes  (on  oae  scale#  also#  for  one  and  the  same 
days}  and#  sunnariting  their  ordinates#  obtain  total  graph/curve 


A 


DOC  «  7913480* 


pagk 


eoasuaptioas  (Pig.  4-1 1).  This  coastraction  is  produced  for  all 
characteristic  days.  Further  coastraction  1st  us  ezaeine  in 
coaaaction  with  viator  days,  i.e«,  to  the  period  of  the  full  load  of 
installation. 

In  general  the  aaxiaua  of  the  total  use  conditions  can  be  equal 
or  less  than  the  sua  of  the  aaxiaaas  of  the  individual  users 

p  <£  P 

9  MiKc.cy  m  m.  if  nice 

The  participation  of  individual  users  in  the  foreation/educat ion 
of  the  aaxiaua  of  total  graph/carve  characterize  by  the  coefficient 
of  participation  in  aaxiaua  egual  to  relation  the  values  of  the 
load  of  this  user,  which  participates  in  foraation/education  Pnr...t~< 
to  his  aaxiaua. 
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Pig.  11.  Pig.  *-10.  Construction  of  diurnal  graph/curve  of  loads  o 
satwtatioa,  which  feeds  group  of  uniforn  electrical  receivers. 

ley:  (1) •  k*.  (2).  Graph/curve  of  substation.  (2a).  Use  conditions 
(3).  Graph/curve  of  losses.  (4',.  h . 

Pag*  61. 

Por  eras  pie,  for  user  2  (Pig.  *-11)  k  _ — ti — ,  and  for  a  user  1 

>'w 

coefficient  *yi(1—  I. 

Por  oners,  who  do  not  participate  in  fornation/education 
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P*.*cCym'  **1m  * > .  — It  is  obvious  that  the  users  with  low  value 
*y„ .  iaprove  the  graph/carve  of  the  loads  of  substation,  and  thereby 
also  the  power  plast. 


To  the  obtained  total  use  conditions  is  added  the  power  of 
losses  in  network,  as  noted  above,  and  are  obtained  the  graph/curve 
of  the  loads  of  substation  aad  its  peak  load  Pm„cn0i„- 


If  are  known  the  coefficients  of  participation  in  load  peak  of 
the  separate  groups  of  users,  then  without  graphing  of  loads  the  peak 
load  of  substation  can  be  deterained  by  the  fornnla: 


where  />*„•/ , 


P  — (\ -I  flnep,/'tS\tk  P  -4- 

'  M3KC.no  AC  T  *  |00  ~ 

~"f~  ^yg^ M  M4KC  2  ^yg  Z^h.umkc 

““O  +  TWr)  P-«c.cy  (4-16) 

-  losses  in  network  in  percentages  of  PutKCXJU- 


■ith  the  known  coefficients  of  deaand  [see  for  aula  (4-15)  ]  for 
each  group  of  users  the  sane  peak  load  of  substation  can  be 

deterained  and  thus: 

+  k,nA,P,u-  (4-17) 


In  practice  they  fregueatly  use  the  values  of  the  coefficients 
of  deaand,  deterained  taking  into  account  the  participation  of  the 
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groups  of  sssrs  in  ths  f or aatio a/e ducat ion  of  the  load  peak  of 
substation.  Then  calculation  sees  sore  is  simplified:  into  formula 
!*<•  17)  for  each  group  of  users  introduce  the  coefficient  of  demand, 
is  reference  to  the  busbars  of  the  feeding  substation  and  to  time  its 
peak  loads  C*-t]. 

Analogously  is  detarained  the  peak  load  of  substations  with 
secondary  voltage  above  10001  (for  example,  the  district  substation 
P-7  in  Pig.  3-5) .  la  this  case  the  coefficients  of  demand  must  be 
related  to  the  secondary  high-voltage  busbars  of  substation,  i.e., 
they  aust  be  detarained  taking  into  account  power  losses  in  the 
networks  of  all  voltages  froa  the  terainals/grippers  of  electrical 
receivers  to  the  busbars  of  the  secondary  voltage  of  this  substation, 
inclndisg  coll  losses  and  steel  of  the  step-down  transformers 
substations  in  users  (P-8,  P-9,  P-10,  P-11  and  P-12  in  Pig.  3-S)  . 

If  it  is  necessary  to  cosstruct  the  diurnal  graph/curve  of  the 
loads  of  a  similar  substation,  than  they  enter  the  same,  as  it  was 
stated  ia  the  relation  to  graphing  of  loads  in  Fig.  4-11,  but  only 
are  coasidered  power  losses  in  the  wires  of  networks  do  and  above 
1000V  sad  ia  the  transforaers  of  the  secondary  substations,  which 
feed  fros  that  projected/desigaed. 
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Losses  is  the  vires  of  networks  by  voltage  of  up  to  1000V,  and 
also  the  losses  in  networks  by  voltage  are  above  1000V  taking  into 
account  coil  losses  (copper)  of  transforners  can  be  taken  as  equal 
ones  (in  percentages  of  the  naxinua  of  total  consumption): 

•'  »  ctux  iianpH/KtHiifM  AO  I  000  a  .  .  3—5% 

•Ob  npoMbim.iciiiiux  ccnix  iia- 

IlpH/hlHlUM  B1J  LUO  1  (JOO  a  .  .  .  .  6 — 8% 

(  KOM.uy iia.m.iiuix  ccthx  na- 

IipH-KlIillCM  UUIUC  1  000  8  .  /(i  .  8—10% 

' i/B  »jeKT|)H<ifCKiix  cHCTewax  .  14—18% 

Key:  (1).  in  networks  by  voltage  of  up  to  1000V.  (2).  in  industrial 
networks  by  voltage  it  is  above  1000V.  (3) .  in  public-service 
networks  by  voltage  it  is  above  1000V.  (4).  froa.  (5).  in  power 
systeas.  (6)  .  to. 

Losses  in  steel  of  the  transforners: 

')  B  KOMMy»U<1UUJX  II  npOMIJIII^ClIHUX  CeTHX  1 

iianpiiweiiHUM  mjiiie  1  000  a  .  .  1 — •  .&%  VoT  PutKC  cyu 
i)  b  sJiexi piiMcCKiix  ciictcuux  .  .  .  .2 — 3%/ 

Key:  (1).  in  public-service  and  industrial  networks.  (2).  from.  (3). 
in  power  systeas. 

Losses  in  the  wires  of  networks  and  the  windings  of  transformers 
are  the  losses  by  variable/alternating  (/>n,p%)  and  they  are  computed, 

as  noted  above. 

Losses  in  steel  of  transforners  do  not  depend  on  their  load, 
i.e.,  they  are  the  losses  by  constants  (pIIOCT%). 
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In  the  coarse  of  twenty-four  hoars  the  total  quantity  of  losses 
Is  steel  of  traB8forsers  in  network  can  soiewhat  change  as  a  result 
of  catoff /disconnect ion  and  start  of  the  part  of  power  transformers 
on  sebstatioes  with  the  appropriate  change  in  their  load.  However, 
with  graphing  this  they  do  not  consider  and  accept  losses  in  st®el  of 
transforners  constant/invariable  ones. 

Power  deeping  constant 

Paocr—^P^.  (4*18) 

Adding  the  power  of  variable/alternating  and  daiping  constant  to 
the  ordinates  of  the  conditions  of  total  use,  obtains  the  graph/curve 
of  substation  and  its  peak  load.  Usually  the  peak  load  of  similar 
substations  is  sosewhat  less  than  the  sun  of  the  peak  loads  of 
secondary  substations  as  a  result  of  their  noncoincidence  on  time. 

A  quantity  of  electric  power,  expended  in  year  by  user,  can  bc- 
de ter lined  by  the  following  formulas: 

A„a  =  Pu.»»Ju~'  (4-19) 

or 

A  =P  T  .  (4-20) 

”fOA  'UP*  »P*  '  ' 
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where  Tamt  -  deaaad  tiae  of  load  peak  (see  §4-3); 

7*  -  deaaad  tiae  of  the  coaaected  power  of  electrical 

receivers* 

The  deaaad  tiae  of  the  coaaected  power  of  electrical  receivers 
shows,  how  nany  hoars  in  year  receivers  aust  work  with 
fall/total/coaplete  charging  in  order  to  consuae  the  actuall v /really 
spent  by  then  in  year  quantity  of  electric  power.  It  is  obvicus  that 
rilp<8  760  h. 


hre  given  below  values  fMM  for  soae  groups  of  the  users; 


I'UiHyTpeHHM  S4CKTpoocMuienne .  1  500— 2500*  * 

i«)|lapyjKHoe  .  .  2  500 — 3  000* 

‘JOfliioOMCiiMue  npoMUUMCHHue  npeflnpHHTiiH  2  000 — 2  500  •:hj) 
W/lnyxcucioibie  .  .  4  000 — 5000 

WupexcMeiwue  .  .  5000—  7  000  *y 


Key:  (1).  Internal  electric  lighting.  (2).  h„  (3).  External.  (4). 
One-shift  industrial  enterprises*  (5).  Two-shift.  (6). 
Three-shiftAhree- way  interchangeable. 


4-6*  Construction  daring  the  design  of  the  diurnal  graphs /curves  of 
the  loads  of  power  plants. 
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The  diarnal  gra ph s/cur ves  of  tha  loads  isolated/insulated  of  th<=> 
working  poser  plants  construct  jest  as  the  graphs/curves  of  the  loads 
of  substations*  Difference  consists  in  the  fact  that  after  is 
constructed  the  total  use  conditions  and  are  taken  into  consideration 
losses  in  networks  and  transforssrs*  obtain  graph/curve  temperings 
froa  the  busbars  of  station*  For  obtaining  the  final  graph/curve  of 
tbe  loads  of  station*  i.e. *  tbs  graph/curve  of  the  loads  of  its 
aacbines*  it  is  necessary  to  the  graph/curve  of  tempering  from  th<-- 
busbars  of  station  to  add  the  poser*  expended  for  its  own  needs. 


Haxiaea  poser  consuaptioa  per  its  osn  needs  of  power  plants  in 
percentages  of  the  installed  poser  of  station  coa prises 
approxiaately/exenplar ily: 


, ,)3jeKTpocTaMmiB  hi  makoh  ToiUHBe  (waayT. 

Hf<}iTb)  H  rase . .  •  .  .  .  ...  3— 5% 

^3jieKTpocT«HUMH  HcOoJibiuoA  uouihocth  Ha 
yrae,  OKHraeMow  £  KycKoaou  bh Ae  (mb  uen- 

Hux  peuieTKax) . 5 — 7% 

^)KoiiAeHcamioiiHue  napoTypOBHHbie  SAeitTpo- 

craiiuHH  Ha  nbi4cyro.ibHou  Ton.niBc  ....  6— !)% 
i^cnAOJAeKTpoueHTpa.id  Ha  nuaeyi o.ibiioM  Ton- 

a  h  Be . 8 — M»'» 

HApoaAeKTpocTaiimui  cpeAHefl  uoiuhoctii  .  . 

HApoaAe KTpoctaumiH  CojbuioA  mouihocth  .  .  0,-i— 1> 


Key:  (1|*  Poser  plants  os  liguid  propellant  (petrol eua  residue*  oil) 
end  gns.  (2).  Power  plant  of  snail  power  at  angle*  burned  in  cake 
fora  (on  chain  grates).  (3)*  Condensation  steau-turbine  power  plants 
on  pulserlxed  coal  f uel/propellaat*  (4).  Thermoelectric  centers  on 
pulverised  coul  fuel/propellaat.  (5).  Hydroelectric  power  plants  of 
aserage/ueuu  poser.  (6).  Hydroelectric  power  plants  of  large  power. 
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The  poMr,  expended  for  its  own  needs  of  power  plant,  depends  cn 
type  end  power  of  power  plant,  and  for  stean-turbine  power  plants  - 
also  fron  the  kind  of  the  fuel/ propellant  of  the  aethod  of  its 
oonbastlon  and  paraaeters  of  steaa. 

Page  (3* 


If  the  load  of  the  aggregates/an its  of  station  is  sufficiently 
permanent,  then  with  graphing  of  the  load  of  station  it  is  possible 
approxiaately  to  accept  that  the  power  consuaption  per  its  own  needs 
reaaina  always  const ant/ invariable  and  equal  to 


-  IUO  ”yc 


<4-21) 


where  PycT  -  the  installed  power  of  the  generators  of  station,  kw. 


Daring  the  considerable  load  variations  of  station  it  is 
possible  to  approxiaately  consider  that  approxinately/exemplarily 
tOo/O  of  sasinan  power  consuaption  per  their  own  needs  (^UJkCc.i.)  do 
not  depend  on  the  load  of  the  station  (power,  consumed  by  the 
constantly  working  nechanisas  of  our  own  needs,  part  of  the 
constantly  connected  illuninatioa.  the  power,  expended  to  covering  of 
no-load  losses  in  the  electric  notors  of  its  own  needs  and,  etc.). 
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ill  60 •/,  PulkCCH  changes  the  proportionally  resistive  load  of 

station. 

This  graphing  of  power  consumption  per  its  own  needs  of  station 
is  carried  oat  in  Pig*  4-12;  there  is  constructed  the  graph/curve  of 
the  loads  of  station  (graph/carve  of 

ooasaaptioa/prodoction/gsaeratioa) .  On  diurnal  graph/curve  the 
consuaptions/prodect ions/generations  in  winter  days  determine  the 
peak  load  of  station  ^U.KC- 

If  aeosssary  the  diurnal  graph/curve  of  the  reactive  load  of 
power  pleat  can  be  constructed  as  follows.  Saving  available  the 
diaraal  graph/carve  of  the  resistive  loads  of  the  user  and  knowing 
cose,  with  whoa  it  works,  is  deternined  reactive  load  into  different 
hoars  of  the  day.  In  teras  of  the  obtained  values  is  constructed  the 
diaraal  graph/curve  of  the  reactive  load  of  user,  with  the 
preliaiaary  graphing  of  reactive  load  usually  is  not  considered 
change  cos#  in  the  course  of  twenty-four  hours  and  they  take  as  its 
constant  and  equal  to  0.9-0.95,  assusing  that  in  enterprises  are 
accepted  the  aeasures  for  increase  cos#  to  the  value  indicated. 

Sanaarising  the  graphs/curves  of  the  reactive  load  of  users  and 
taking  into  account  tha  axpeaditure/consuaption  of  reactive  power  in 
aeteorks  and  transforaers,  is  obtained  the  graph/curve  of  the 
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ntctiv*  load  of  station. 

Tha  graphs/cerves  of  tha  loads  of  the  poser  plants,  which  work 
to  tha  genera 1/co soon/ total  electric  systea  of  power  system,  are 
assigned  to  power  plants  by  the  supervisory  control  of  power  system. 
The  latter#  as  noted  in  Chapter  3#  deter  lines  the  load  of  each  power 
plant  of  power  systea  on  the  basis  of  the  conditions  of  providing  the 
reliable  feed  with  power  coasuaers  and  understanding  of  the  most 
econo aical  node  of  operation  of  power  systea  as  a  whole. 


toe  •  79134804 
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Cktptar  Pin. 

tbrbb-pbase  ibtiobks  pith  oigbobidid  aid  grounded  neutrals. 

5-1.  three-phase  networks  with  the  ungrounded  neutrals. 

Beeh  phase  of  network  possesses  relative  to  the  earth/ground 
certain  capecity/capacitance,  evenly  distributed  along  the  length  of 
sires.  For  sinplif ication  in  farther  reasonings  we  count  the 
three-phase  network  of  syaaetrical  and  uniforaly  distributed 
capacitances  of  phases  relative  to  the  earth/ground  we  conditionally 
replace  by  capacities/capacitances  C,  concentrated  on  the  middle  of 
line  (Fig.  5-1). 

Interphase  capacities/capacitances  and  caused  by  them 
permittance  currents  we  do  not  consider,  since,  as  this  will  be  shown 
below,  daring  single-phase  closisgs/shortings  to  the  earth  inter phase 
voltages  do  not  change,  and  consequently,  do  not  change  the 
peraittnnee  carrents,  caused  by  in ter phase  capacities/capacitances. 

Page  64. 

In  the  nornal  node  of  the  work  of  the  voltage  of  the  phases  of 
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network  rtlatift  to  earth/gronnd  0A,  UB  and  0C  ara  symmetrical  and 
annericallf  equal  to  tha  phase  voltage  of  installation,  but  currents 
in  the  phases  of  source  -  to  vector  sna  of  the  currents  of  leads 
luA>  L.a>  L.c  and  capacitive  {charge)  currents  of  phases  relative  to 
earth/groaad  lCt  (Pig.  5-la  aad  b).  vector  sua  of  the  permittance 
currents  of  three  phases  is  egual  to  zero  (Pig.  5-ic) ;  therefore  no 
terrestrial  current  it  flows/occur s/lasts. 

In  the  case  of  dasage  to  insulation  and  closing/shorting  to  the 
earth  of  one  of  the  phases  the  voltages  of  phases  with  respect  to  th 
earth/gronnd  change  (Pig.  5-2)#  in  consequence  of  which  chanqe  the 
values  of  the  persittance  currents  in  network,  caused  by  the 
ca parity /capacitance  of  the  phases  of  network  with  respect  to  the 
earth/gronnd.  Vith  f ull/total/coaplete  (aetallic,  dead/blind) 
shorting  of  phase  to  the  earth  the  voltage  relative  to  the 
earth/gronnd  of  this  daaaged  phase  becoaes  equal  to  zero,  and 
voltages  relative  to  the  earth/ground  of  other  two 

in tact/un in jured/undaaaged  phases  increase  to  the  interphase  voltage 
of  installation  (Pig.  5-2). 

For  ezanple,  during  closiag/shorting  to  the  earth  of  phase  c 
(Pig.  5-2a>  a  change  in  the  voltage  of  phases  relative  to  the 
earth/gronnd  can  be  considered  as  the  result  of  iaposition  on  the 
voltages  of  phases  0  ,'0B  n®d  Uc  the  voltages  of  null  sequence 
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0M,  &*>  ^co*  *S®al  *n  aegaitude  and  opposite  on  sign  to  the 

phase  voltage  of  daaaged  phase  Oc.  la  this  case  the  voltages  of  all 
phases  relative  to  earth/groaad  UA,  U'B  a  ad  U'c  are  deterained  by 
vector  sea  of  the  voltages  of  phases  relative  to  the  earth/ground  in 
the  aoraal  aode  of  vork  0A.0B  aad  t>€  and  voltages  of  null  sequence 
0M.  Un  aei  Ucv  aaaelj: 

0‘A=0A  +  0AO;  0'B=0B+U^ 

trc=oc+Oc*= o. 

Proa  vector  iiagraa  ia  Fig*  5-2b  it  is  evident  that 
U'A—U'B=ViUA.  The  angle  betveea  0‘A  and  & B  cob  poses  60°. 
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Fig*  5-1*  Three-phase  network  with  the  angroanded  neutral.  Normal 
■od«  of  eork. 


Fig.  5-2.  Three-phase  network  with  ungrounded  neutral.  Case  of 
single-phase  closing /s ho rtiog  to  the  earth  of  phase  c. 


Page  65. 

Feraittance  currents  in  phases  A  aad  B  also  increase  /?  times, 
since  to  the  capacities/capacitancos  of  these  phases  relative  to  the 
earth/gronnd  (ehich  reaala  coastaat/iavariable)  are  applied  no  longer 


DOC  *  79134804 


PACK 


phase,  bat  latsrphass  voltages.  In  syaaetrical  three-phase  system 
!ca  ~ |/;i/  asd /Cfl^VT/..  .  Peraittance  current  to  the  earth  of  phase 
C,  caused  by  its  capacity/capacitance  with  respect  to  the 
earth/gronad,  is  equal  to  zero,  since  the  capacity/capacitance 
indicated  proses  to  be  shorted.  Accepting,  as  usual,  for  positive 
direction  of  flow  in  all  phases  direction  thus  from  source  into 
network,  we  can  write: 

After  applying  on  vector  diagran  in  Pig.  5-2b  vectors  of 
currents  ICa  and  /CB  at  right  angles  to  the  vectors  of  voltages 
U'A  and  i  a  •  we  can  see  that  these  currents  are  out  of  phase  angle  of 
60*.  Ve  store/add  up  then  and  obtain  current  sinus  ic  permittance 
current  in  phase  C  or,  which  is  the  sase  thing,  the  current  in  the 
place  of  closing/shorting  to  the  earth  4  anticipates/leads  Oc  on 
90°.  Proe  vector  diagran  it  folloss  that  ~  V3lCA ,  but  that  as 

'c^5'<V  tk#" 

'c-l'c,  ■  (5-1) 

Thus,  the  peraittance  current  of  single-phase  closing/shorting 
to  the  earth  is  3  tines  aore  thus  the  nornal  peraittance  current  of 
phase.  Knowing  the  capacity/ capacitance  of  phases  with  respect  to  c 
earth/gronad  in  farads,  we  will  obtain: 
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ob  since 

i 

XC  ~  uC  * 

that 

/c  =  3  U^C.  (5-2) 

Proa  this  azprassioa  it  is  evident  that  the  strength  of  curren 
/c  depends  oa  the  line  voltage,  frequency  and  capacity/capacitance 
of  phases  relative  to  the  earth/groond.  The  latter  depends  on  the 
coast rsctioa/design  of  network  {cable  or  air)  and  its  extent. 

Carreat  >c  can  be  approriaately  deterained  froa  the  formulas: 

for  aerial  networks 

'c  wo  * 

for  the  cable  systeas 


(5-3) 


(5-4) 


where  0  -  inter phase  voltage*  kf;  t  -  length  of  the  electrically 
connected  network  of  this  voltage*  ka. 
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la  the  casa  of  incoaplete  closing/shorting  to  the  earth  (through 
certain  contact  resistance)  the  voltage  of  the  damaged  phase  relative 
to  the  earth/groond  will  be  aore  than  zero  and  less  than  the  phase, 
bat  intact/on in jured/und ana ged  phases  -  aore  than  phase,  but  less 
than  the  interphase.  Less  there  will  be  the  current  of 
closing/shorting  to  the  earth. 


Daring  single-phase  closings/shortings  to  the  earth  in  networks 
with  the  aagroonded  neutrals  interphase  voltages  remain 
constaat/iavariable  in  value  and  out  of  phase  angle  of  120°.  of  this 
it  is  easy  to  be  convinced  froa  the  exaaination  of  vector  diagram  in 
Pig.  5-2bj 


0,bc  —  Ub—0'c—^b  ~&bc< 

crr-crA=-  u'=  u. 


CA • 


Therefore  the  feed  of  the  electrical  receivers,  normally 
connected  to  interphase  voltage^  is  not  disrupted,  and  they  continue 
to  operate  noraally. 


At  the  sane  tine,  taking  into  account  increase  indicated  higher 
t/T  tines  of  the  voltages  of  iatact/unin jured/undanaged  phases 
relative  to  the  earth/gxound,  the  phases  of  network  with  the 
aagroonded  neutral  aust  be  isolated/insulated  relative  to  the 
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Mrth/gcoaad  to  iaterphase  voltage. 

Let  ns  note  that  the  prolonged  work  of  the  network  in  question 
with  the  grounded  phase  is  not  admitted,  since  in  the  case  of  da mag 
to  insalation  relative  to  the  earth/ground  of  any  another  phase 
unavoidably  appears  two-phase  short  circuiting  through  the 
earth/ground,  which  is  accoapanied  by  the  course  of  large 
short-circait  current,  capable  of  causing  the  considerable 
destruction  of  electrical  equipment.  Therefore  in  networks  with  the 
ungrounded  neutrals  compulsorily  provide  for  the  special  signal  or 
shielding  (relay)  devices/ equipment,  which  notify  personnel  about  t 
onset  of  single-phase  closings/shortings  to  the  earth  or  even  the 
disconnecting  the  danaged  part  of  installation. 

Page  66. 

Is  sore  dangerously  single- phase  closing/shorting  to  the  earth 
through  the  electric  arc,  since  the  latter  can  danage  electrical 
eguipuent  aad  cause  two-  or  three-phase  short  circuit  (latter 
freguestly  is  observed  during  single-phase  closings/shortings  to  th 
earth  of  one  of  the  weins/strands  of  triple-core  cable) .  is 
especially  dangarous  the  onset  of  arc  within  aachines  and  apparatus 
during  single-phase  closings/shortings  to  the  grounded  housings. 
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Oiiir  specific  conditions  £5-1]  in  the  place  of  closing/shorting 
to  the  earth  can  appear  the  so-called  discontinuous  arc,  i.e.,  the 
arc  which  periodically  goes  out  and  lights  up  again.  Since  network  is 
oscillatory  circuit,  then  the  discontinuous  arc  is  accompanied  by  the 
origiaatioa  of  overvoltages  of  phases  relative  to  the  earth/ground 
whose  value  cam  reach  (2,5—3)  U^.  These  overvoltages  are  propagated  to 
entire  electrically  connected  setsork,  as  a  result  of  which  are 
possible  the  breakdowns  of  insulation  and  the  fornation/education  of 
short  circsits  in  the  parts  of  ths  installation  with  the  weakened 
insulation. 

ta  lost  probable  the  onset  of  the  discontinuous  arcs  with  t he 
persittasce  current  of  closing/ shorting  to  the  earth  of  wore  than 
5-10  l,  the  danger  of  arc  overvoltages  growing/rising  with  an 
increase  in  the  line  voltage,  hce  most  dangerous  arc  overvoltages  in 
networks  by  woltage  20-35  kV  and  above. 

If  installation  is  not  eguipped  with  relaying  fro*  single-phase 
closings/shortings  to  the  earth,  which  disconnects  the  daaaged 
section,  then  closing/short lag  to  the  earth  can  be  prolonged,  in 
these  cases  the  personnel  aust  iassdiately  to  begin  finding  of  the 
place  of  siagls-phass  closing/shorting  to  ths  earth  and  to  remove  him 
within  ths  shortest  period.  In  ths  presence  of  stand-by  circuit 
should  bo  iaaediutely  transferred  to  it  ths  feed  of  load,  after 
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li«coii«ctii9  faulted  circuit.  If  there  is  so  stand-by  circuit,  then 
the  feed  of  the  load  is  terminated  on  tha  period  of  clearing  to 
circuit. 

In  tha  nat works,  which  food  directly  froa  the  generators  of 
power  plants,  tha  daraticn  of  work  with  closing/shorting  of  phase  of 
of  grounding  nust  be  not  nora  than  2  h  [3-2  and  5-2]. 

In  electric  systens  by  voltage  6-15  kV  the  overvoltages,  caused 
by  the  discontinuous  electric  arc  in  tha  place  of  single-phase 
closing/shorting  to  tha  earth,  for  tha  insulation  of  electrical 
agnipnent  are  not  dangerous.  In  spite  of  this,  in  these  networks  one 
oaght  not  to  allow/assuae  current  lc  of  nora  than  30  h,  since  with 
high  carraafce  /c  appears  the  danger  of  considerable  damages  in 
nachines  and  apparatuses  duriag  internal  single-phase 
ciosiags/shortings  to  the  grounded  housings  and  grows/rises  the 
transitional  probability  of  single- phase  closings/shortings  to  the 
earth  la  cables  iato  interphase  short  circuits. 

In  contrast  to  this  is  electric  systess  by  voltage  20  kv  and 
above  overvoltages,  caused  by  the  discontinuous  arc  in  the  place  cf 
single-phase  closing/shorting  to  tbs  earth,  are  dangerous  foe 
insulation  the  electrical  egolpaeAt  of  the  voltages  indicated. 
Therefore  ia  the  networks  of  these  voltages  /c  aust  not  exceed  io  a. 
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since  with  larger  current  in  the  place  of  closing/shorting  to  the 
earth,  as  a  rale,  appsaxs  the  discontinuous  electric  arc. 

Thus,  vith  ungrounded  neatrals  can  work  networks  6*15  kv  with 
30  k  aad  network  20*35  kl  when  Ic<  10  k  [3*6].  Let  us  note  that 
la  the  Soviet  power  systens  of  network  110  kv  it  is  above  with  the 
ungrounded  neutrals,  as  a  rule,  they  do  not  work,  that  as  with  their 
considerable  range  current  as  with  their  considerable  range  current 
lc  in  these  networks  virtually  always  exceeds  10  k. 

lith  the  ungrounded  neutrals  they  work  also  of  network  by 
voltage  of  up  to  1000Y,  besides  four-wire  networks  by  voltage  380/220 
and  220/127/V,  which  work  with  tightly  grounded  neutrals  (see  63-1). 

5*2.  Three-phase  networks  with  the  neutrals,  grounded  through  +  he 
arc-arresting  coils  (conpensated  networks). 

then  in  electric  systens  by  voltage  to  35  kV  the  inclusively 
pernittance  current  of  single* phase  closing/shorting  to  the  ground 
exceeds  peraissible  value  indicated  above,  then  take  neasures  for  its 
decrease.  Is  reached  this  via  the  grounding  of  the  neutrals  of  the 
network  through  the  arc-arresting  coils. 


The  arc-arresting  coil  consists  of  the  steel  core  and  the 
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winding,  encased ,  filled  wit*  transformer  oil.  The  effective 
resistance  of  coil  is  snail,  and  inductive  -  great.  The  inductance  of 
the  are-arresting  coil  regulate  b;  change  nunbers  of  connected  turns 
or  air-gap  clearance  of  core.  In  the  noraal  node  of  work  the  current 
through  the  coil  does  not  f low/ occur/last. 

During  full/total/coaplete  closing/shorting  to  the  earth  of  on^ 
phase  the  arc-arresting  coil  proves  to  be  under  phase  voltage  and 
through  the  place  of  closing/shorting  to  the  earth  f low/occur/last 
the  currents:  the  peralttance  current  of  closing/shorting  to  the 
earth  lc  and  inductive  current  of  coil  /L  (Pig.  S-3a) .  Both  inductive 
and  pernittance  currents  they  differ  in  phase  on  180°,  then  in  the 
place  of  closing /short log  to  the  earth  they  compensate  each  other 
(Fig.  5— 3b) . 

Page  67. 

If  /t  — /c.  then  through  the  place  of  closing/shorting  to  the  earth  of 
no  current  flov/occur/last  there  will  be.  Therefore  of  arc  in  the 
place  of  daaage  it  does  not  appear  and  are  renoved  the  connected  with 
it  dangerous  conseguences. 

In  operntion  are  conducted  the  start  and  the 


cutoff /disconnect ion  of  the  individual  lines  of  network;  therefore 
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ctrnit  ic  lots  not  reaain  coastant/invariable  and  virtually  does 
not  aoccaad  in  attaining*  its  full/total/coaplete  coapensaticn 

Oa  the  other  hand*  for  the  clear  action  of  relaying,  which 
reacts  to  siagla-phase  closing/shorting  to  the  earth,  it  is  necessary 
that  the  naeonpemsated  for  carreat  would  not  be  the  less  specific 
value,  with  which  the  relay  of  protection  operates/ wears. 

If  the  arc-arresting  coil  is  inclined  so  that  in  normal  mode 
with  all  killed  lines  of  aetwork  occurs  certain  undercompensation  of 
peraittaace  carreat  /wc then  with  the  cutoff/disconnection 
of  the  part  of  the  lines  of  aetwork  and  decrease  /c  current  ^hcck  csn 
prove  to  be  insufficient  for  acting  relaying.  During  tuning  of  coil 
to  owercoapeasatioa  (/l>/c>  *•  win  obtain  that  with  decrease  / c 
carreat  —  increases,  therefore  in  practice  they  usually 

taae  the  arc-arresting  coil  with  certain  overcoapensation  of 
peraittance  current,  but  that  so  that  the  current  in  the  place  of 
shorting  to  the  ground  would  be  possibly  less. 

Ia  networks  with  the  neutrals,  grounded  through  the 
arc-arrestiag  coils,  the  sane  as  ia  networks  with  the  ungrounded 
neutrals,  is  a 11 owed /a as used  the  teaporary  service  with  the  locked  to 
the  earth  phase  until  occurs  the  possibility  to  carry  out  the 
necessary  switchings  for  tha  separation/departaent  of  the  damaged 
section.  The  presence  of  the  arc-arresting  coils  is  especially 
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valuable  daring  short-tern  closiags/shortings  to  the  earth,  sine®  in 
this  csss  arc  in  the  place  of  closing/shorting  is  extinguished  and 

lias  is  aot  disconnected. 

Ia  aeteorfcs  with  the  neutrals,  grounded  through  the 
src-arresting  coils,  that  like  in  networks  with  the  ungrounded 
neutrals,  is  allowed/assuaed  the  teaporary  service  with  the  locked  to 
the  earth  phase  aatil  occurs  the  possibility  to  carry  out  the 
aecessary  switchings  for  the  aeparation/departaent  of  the  damaged 
section.  The  presence  of  the  arc-arresting  coils  is  especially 
valaable  daring  short-tera  closiags/shortings  to  the  earth,  since  in 
this  case  arc  ia  the  place  of  shorting  is  extinguished  and  line  is 
not  dieconaected. 

la  networks  with  the  neatrels,  grounded  through  the 
arc-a treating  coils,  daring  single-phase  closings/shortings  to  the 
earth  the  woitages  of  two  intact/unin jured/undawaged  phases  relative 
to  the  earth/groond  increase  |/T  tines,  l.e.,  to  interphase  voltage; 
therefore  the  insulation  of  phases  with  respect  to  the  earth/ground 
ia  such  networks  also  Bust  bs  carrisd  out  to  interphase  voltage  as  in 
networks  with  the  ungrounded  neutrals. 


letworks  with  the  ungroanded  neutrals  and  with  the  neutrals, 
grounded  through  the  a tc-ar rooting  coils,  usually  call  networks  with 
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the  low  currents  of  closing/shorting  to  the  earth. 

5-3.  three-phase  networks  with  dally  grounded  neutrals. 

the  second  aethod,  which  warns  the  onset  of  the  discontinuous 
arcs  and  connected  with  then  overvoltages  during  single-phase 
closings/shortings  to  the  earth,  is  the  dead  ground  of  the  neutrals 
of  electrical  network  (Pig.  £-«)•  Actually /really,  if  in  this  network 
occurs  closiag/shorting  to  the  earth  of  one  phases,  then  the  latter 
proves  to  be  short-circuited  through  the  earth/ground  and  the  current 
of  single-phase  short  circuit  K1’  causes  the  action  of  relaying  and 
the  cutoff/disconnection  of  the  switch  of  the  daaaged  section  of 
network. 
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Pig.  5-3.  Three-phase  network  with  the  neutral,  grounded  through  the 
arc-arresting  coil.  Coarse  of  current  daring  closing/shorting  to  the 
earth  of  phase  c. 


Key:  (If.  ire-arresting  coil 
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Fig.  5-4.  Three* phase  network  with  grounded  neutral,  a)  network  with 
dally  grounded  neutral;  b)  network  with  the  neutral,  grounded  through 
the  reactor. 

Kay:  (1).  Grounding  electrode.  (2).  Reactor. 

Fage  68. 

k  deficiency/lack  in  the  networks  with  dully  grounded  neutrals 
is  the  significant  nagnitude  of  the  current  of  single*phase  short 
circuit.  In  networks  with  dully  grounded  neutrals  of  powerful/thick 
power  systees  for  redaction  in  current  of  single* phase  short  circuit 
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frond  tk«  neutrals  throng*  me  tors  (Fig.  5-  »b,  or  are 

groudtd  the  neutrals  not  of  all  transf oners,  bat  only  part.  By  the 
Installation  of  reactors  and  by  the  selection  of  a  number  of  dully 
groanded  nentrals  it  is  possible  to  so  decrease  the  current  of 
single-phase  short  circuit,  that  it  will  not  exceed  the  maximum 
possible  carrent  of  three-phase  short  circuit  in  this  installation. 

Ths  second  def iciency/lack  in  the  networks  with  the  neutrals, 
grounded  tightly  or  through  reactors,  is  the  cutoff/disconnection  of 
deaaged  power  traneeission  aad,  consequently,  also  break  in  th°  power 
aapply  of  esers  during  each  siagle-phase  closing/shorting  to  the 
earth.  The  practice  of  the  operation  of  electrical  devices  shows  that 
the  large  part  of  the  single- phase  closings/ shortings  to  the  earth  in 
air  electric  systees  by  woitege  above  1000?  bears  short-term 
character,  since  after  the  cetoff/disconnection  of  the  damaged 
section  iasslatlon  in  the  piece  of  closing/shorting  to  the  earth 
rapidly  is  restored,  and  the  traasaission  line  can  be  immediately 
connected  into  work.  Therefore  for  the  purpose  increases  in  th® 
reliability  of  power  supply  at  present  in  networks  with  dully 
grounded  nentrnls  use  extensiwely  the  autonatic  reset  (APV)  of  lines 
after  their  cutoff /diecoanectios  during  single- phase 
closings/ shortings  to  the  earth*  For  this  it  is  included  conversely. 
If  closing/shorting  to  the  earth  was  tenporary/tine,  then  line  is 
iaclsded  aad  the  nourisheent  of  users  is  restored.  Otherwise  the  lin° 
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is  disconnected  for  a  second  tins.  The  reliability  of  the  power 
sepply  of  responsible  names  is  provided  also  by  the  presence  of 
stand-by  electric  power  lines. 

The  advantage  of  networks  with  dally  grounded  neutrals  is  the 
fact  that  daring  single-phase  closings/shortings  to  the  earth  the 
voltage  of  intact/unin jured/uadaaaged  phases  with  respect  to  the 
earth/groond  is  not  raised,  as  it  takes  place  in  networks  with  the 
neutrals,  grounded  through  the  arc-arresting  coils.  Therefore  due  to 
the  facilitation  of  the  insulation  of  phases  with  respect  to  the 
earth/ground  significantly  decrease  the  expenditures  for  the 
construction  of  such  networks.  Attained  savings  is  greater,  the 
higher  the  line  voltage. 

On  the  basis  of  the  above  in  the  OSSB  with  dully  grounded 
neutrals  work  the  electric  systens  by  voltage  110  kv  and  above,  such 
networks  is  conventionally  designated  as  networks  with  the  high 
currents  of  elosing/sherting  to  the  earth. 
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SHORT  CIRCUITS  IR  ELECTRICAL  SISTHHS. 

8-1.  8a>«rtl  iaforoation. 

The  large  part  of  the  esergeacies  in  electrical  systems  is 
caos«d  by  abort  circuits.  In  aaay  instances  short  circuits  are 
ac  cos  pan  led  by  the  damage  electrical  equipment  and  by  the  partial  or 
fa 11/tota 1/cob plete  disorder  of  the  power  supply  of  users. 

The  feadaaental  reason  for  short  circuits  is  the  insulation 
failare  of  the  current-carrying  parts  of  the  electrical 
devlces/eqeipaent,  which  is  possible  as  a  result  of  the  natural 
ageing  (wear)  of  insolation,  not  in  proper  tise  revealed  by 
preventive  insolation  tests,  or  its  any  daaages  in  the  process  of  th» 
work  of  electrical  eqoipeeat. 

Mechanical  daaages  to  insolation  occur,  for  exaaple,  with  damage 


of  power  cables  daring  the  excavations  of  trenches,  with  the 
imcideace/drop  in  the  supports  or  the  break  of  the  wires  of  the  air 
electric  power  lines,  etc. 
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Danages  to  insulation  aca  possible  sith  overvoltages,  if  their 
vales  excesi s  the  testing  voltage  of  the  insulation  of  electrical 
eqaipneat,  for  exaaple,  with  the  direct  iapacts  of  lightning  into  the 
vires  of  aerial  lines  or  open  distributors. 

To  short  circuiting  they  can  give  the  erroneous  actions  of 
operatiag  personnel  vith  the  nonfulfillment  by  it  of  technical 
operation  instructions,  operating  instructions  and  rules  on  safety 

engineering. 

Short  circuits  are  possible  also  as  a  result  of  the  overlap  of 
the  bare  current-carrying  parts  by  the  aniuals  and  birds. 

Page  89. 

fith  the  oaset  of  short  circuit  general/coason/total  resistance 
of  electrical  system  decreases,  in  consequence  of  which  the  currents 
la  tha  branches  of  systsa  considerably  increase:  siaultaneously 
voltages  in  tha  individual  parts  of  the  system  decrease,  especially 
considerably  decreases  voltage  near  the  place  of  short  circuit. 

Tha  carraats  of  aaergency  aoda  in  the  branches  of  system,  and 
especially  short-circuit  currant  in  the  danaged  element  of  system, 
can  considerably  exceed  the  currents  of  the  loads  of  these  branches. 
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In  poverf ul/thick  installations  by  voltage  6-20  kv  the  short-circuit, 
currents  reach  e nor ■ one  values  -  in  several  ten  and  even  hundreds  of 
thousands  of  aaperes. 

Considerable  in  value  short-circuit  currents  can  be  dangerous 
for  electrical  equipment,  since  insufficiently  durable  in  mechanical 
sense  electrical  eqoipaent  can  be  destroyed,  and  the  large  heating  of 
current-carrying  parts  they  can  daaage  their  insulation.  For 
earning/prevention  this  electrical  eguipaent  of  electrical 
devices/equipaent  aust  possess  sufficient  electrodynamic  (mechanical) 
aad  theraal  resistance,  i.e.,  east  naintain/vithstand  without  the 
daaages  of  the  action  of  the  greatest  possible  short-circuit 
currents. 

The  possibility  of  the  distorbance/breakdown  of  the  power  suoply 
of  users  during  short  circuits  let  us  explain  based  on  the  example  nf 
the  scheaatic  of  the  simplest  electric  systea,  given  in  Fig.  6-1. 

Here  dlagras  1  shows  the  values  of  voltages  on  the  busbars  of  station 
(Ucr),  of  distribution  point  Bt  (upw)  and  transformer  substation  TP 
((7rn)  during  the  noraal  aode  of  work. 

Ia  the  case  of  three-phase  short  circuit  at  point  K-1  apcears 
current  of  short,  flowing  along  the  generators  of  power  plant  and 
lines  L- 1  and  L-2.  In  this  case  the  voltage  on  busbars  TP  becomes 
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•fail  to  sero,  and  voltages  oa  boaters  BP  (^Pn)  and  power  plant  {U cr ) 
considerably  are  reduced  (diagran  2).  Is  explained  this  by  the  fact 
that  with  the  coarse  of  the  short-circuit  current  which  considerably 
•hich  considerably  nore  than  the  current  of  the  nornal  node  cf  the 
eleaents/cells  of  network  possesses  large  inductive  component,  in  the 
first  place,  decreases  eaf  of  generators  as  a  result  of  an  increase 
in  the  back  induction  of  the  reaction  of  stator  and,  in  the  second 
place,  increase  the  losses  of  voltage  in  all  network  elements  of 
short  circuit  -  generators  and  lines  L- 1  and  L-2.  Voltage  at  all 
points  of  power  line  will  be  lowered  until  is  discontinued  the  course 
of  short-circuit  current,  i.  e.  ,  until  is  disconnected  switch  v- 2 
wader  the  action  of  relaying  of  line. 


Decrease  in  the  voltage  in  power  line  deranges  of  electrical 
receivers.  It  is  known  that  the  torque  of  asynchronous  electric 
notors  is  proportional  to  the  square  of  conducted/supplied  to  them 
voltage  (Al„==  l/*),  therefore  even  with  comparatively  small  decrease 
in  voltage  it  can  prove  to  be  insufficient  for  rotating  the 
nechanisn  (nachine  tool,  etc*),  and  engine  will  stop. 


Fig.  6-1.  Voltages  io  different  points  of  netvork  during  normal  mole 
and  short  circuits. 

Kay:  (1|.  Blsctrical  station. 

Pago  70. 

For  exaaple,  if  during  short  circuit  at  point  K-1  voltage  Uvn  proves 
to  bo  snail,  than  is  possible  the  stop  of  the  electric  notors,  which 
food  fros  other,  sound  lines  ip  (1,  2,  3). 

If  decrease  in  the  voltage  during  short  circuit  is  comparatively 
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•aall,  then  the  electric  lotocii  which  f eed  fcoi  sound  lines, 
continue  to  work*  bat  with  the  rotational  spaad  it  is  less  than  the 
noraal.  i  Decrease  in  the  velocity  of  the  rotation  of  those  leaded 
electric  aotors  leads  to  an  increase  in  the  current,  consumed  by  them 
froa  neteork,  which  causes  an  even  larger  decrease  in  the 
coaducted/sapplied  to  then  voltage*  as  a  result  of  which  the  engines 
can  stop. 

In  the  case  of  prolonged  short  circuit  the  electric  noters 
considerably  overheat;  the  frequent  overheatings  of  engines  decrease 
the  period  of  their  service. 

In  certain  productions  large  deceleration  of  the  rotation  of 
electric  aotors  leads  to  the  disorder  of  technological  process,  and 
soaetiaes  also  to  the  daaage  of  production. 

Thus*  short  circuit  in  network  not  only  disrupts  the  power 
supply  of  the  electrical  receivers*  connected  after  the  place  of  the 
short  circuit  (in  the  exanined  case  -  receivers  of  TP) ,  but  it  can 
cause  the  dist nr banco  of  the  electrical  receivers,  connected  to  the 
iatact/unin jured/undanaged  sections  of  network. 

In  the  case  of  short  circuit  at  point  K- 2  the  voltage  on  the 
busbars  of  station  is  reduced  (diagran  3)  still  nore  than  m"  <ru'  \ 
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£sitch  T-1  disconnects  lias  t-l#  and  the  nourishment  of  all  users  RP 

ceases. 

Thun,  the  nearer  the  short  circuit  to  station,  the  the  nore 
nan her  of  users  is  disconnected.  Furthermore,  to  larger  degree  is 
disrupted  the  vork  of  the  electrical  receivers,  which  feed  from  the 
sound  lines  of  station.  Especially  considerably  is  reduced  voltage  on 
the  busbars  of  station  in  the  absence  of  reactors  on  the 
waste /exiting  lines. 

The  heaviest  case  of  short  circuit  is  short  circuiting  on  the 
collecting  nains  of  station  4P<>lat  K-3),  when  are  disconnected  the 
generators  of  station  and  ceases  the  feed  of  all  its  lines. 

Short  circuiting  in  the  network  of  power  system,  which  is 
accospaaied  by  considerable  decrease  in  the  line  voltage,  can  lead  to 
the  destabilisation  of  the  sultiple  operation  of  separate  stations, 
their  output  frou  synchronise  and  cutoff /disconnect ion  of  the  lines, 
which  connect  stations,  Is  a  result  of  this  the  systeu  can  he 
decouposed  into  the  groups  of  the  non synchronously  working  stations. 
This  in  turn,  can  lead  to  the  overloading  of  sone  stations,  which 
will  reguire  the  cutof f/ disconnect ion  of  the  part  of  the  users.  The 
greater  the  decrease  in  the  voltage  during  short  circuits,  the  time 
of  action  of  relaying  and  the  tine  of  action  of  the  switch,  which 
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iiacouccta  the  danaged  a*ctioa«  the  nore  probable  the 
destabilisation  of  the  a el ti pie  operation  of  the  stations  of  system. 


Per  the  par pose  of  the  trouble-free  operation  of  electrical 
last a llatioes  it  is  necessary  to  in  every  possible  way  reaove  the 
reasons,  capable  of  caasing  short  circuits.  For  decreasing  the 
conseqaeaces  of  short  circuits  should  be  applied  high-speed  relays 
aad  switches.  It  is  also  expedient  to  install  on  the  station's 
generators  aatoaatic  excitation  regulators  (see  §22-5),  which 
increase  the  generator  excitation  current  daring  short  circuitings, 
as  a  result  of  which  the  voltage  in  different  parts  of  the  network 
decreases  less,  and  after  cutoff  of  the  short  circuit,  the  voltage 
returns  to  aoraal  a ore  quickly. 


In  three-phase  systeas  are  possible  three  fundaaental  means  of 
the  short  circuits:  three-phase,  two-phase  and  single-phase. 


Three-phase  short  circuit  (fig.  6-2a)  is  syaaetrical,  that  as 
with  it  is  not  disrupted  the  sysaetry  of  currents  and  voltages  (is 
assaaed  the  equality  of  the  resistors/resistances  of  three  phases  of 
short  circuit).  In  contrast  to  aorsal  node  the  and  phase  and 
inter phase  voltages  decrease,  as  this  is  shown  on  vector  diagram  of 
currents  and  voltages  on  Pig.  6-2b,  in  reference  to  the 
terai nals /grippers  of  generator,  the  less  the  resistor/resistance  of 
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network  (re  and  \),  the  gt«at«  the  short-circuit  current  and  the 
less  load  voltage  of  generator*  if  contact  resistance  in  the  place  of 
short  circuit  are  equal  to  aero  ("aetailic"  or  "dead/blind"  short 
circuit) 0  then  voltages  ia  the  place  of  short  circuit  are  also  equal 

to  sere* 

During  three-phase  short  circuit  the  systea  reaains  balanced, 
since  vector  sues  as  currents,  that  and  voltages  in  any  place  for 
short  circuit  reeain  equal  to  aero* 

Aagle  of  displaceaeat  ?,  between  the  current  and  the  voltage 
during  short  circuit  is  detersined  by  the  relationship/ratio  of  the 
inductive  and  effective  resistance  of  short  circuit. 

Page  71* 

it  the  relatively  lov  value  of  the  effective  resistance  of  short 
circuit,  which  occurs  with  short  circuits  in  installations  by  voltage 
above  1Q0DF,  aagle  lies/rests  within  Units  of  90-30°,  i.e., 
short-circuit  current  is  either  purely  inductive  or  possessing 
considerable  inductive  coapoaeat* 


the  two-phase  (Fig.  6- 2c)  and  single-phase  (Fig.  6-2 d)  short 
circuits  are  asyaaetric,  since  with  then  is  disrupted  the  symmetry  of 
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TOltigts  sad  currents  of  three-phase  systti.  Tv  o-  phase  short  circuit 
is  at  the  Ml*  tiM  baliBC«dy  sine*  with  it  vector  suss  of  voltages 
ill  currents  rssain  equal  to  sero.  In  contrast  to  this  single-phase 
short  circait  is  anbslaaced,  sines  with  it  short-circuit  current 
flows/occers/lasts  only  in  oas  phase  and  vector  sun  of  phase  voltages 
no  loafer  is  egaal  to  aero. 

Vector  diagraas  of  curreats  and  voltages  during  asynnetric  short 
circalts  are  exaained  into  §4-12* 

three-phase  and  tvo-phase  short  circuits  are  possible  in  any 
three-phase  networks,  and  the  single-phase  short  short  circuit  -  only 
la  three-phase  networks  with  dally  grounded  neutrals  (see  $5-3)  and 
in  four-wire  networks  by  voltage  380/220  and  220/1 27 v. 

Carreats*  voltages*  power  aad  other  values,  which  relate  to 
different  eenns  of  short  circuit*  designate  by  upper  digital  indices 
in  tha  parenthesis:  three-phase  short  circuiting  -  by  index  (3), 
two-phase  -  by  index  (2)*  single- phase  -  by  index  (1),  as  shown  in 
dimgraus  nnd  vector  diagraa  in  Pig.  6-2. 

The  coapntation  of  short-circuit  currents  is  necessary  for:  1) 
the  selection  of  the  electrical  eguipaent:  electrical  apparatuses, 
basbars,  insulators,  poser  cables,  etc.;  2)  the  selection  of  the 
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Mans  of  the  limitation  of  short-circait  cor  rants;  3)  the  design  of 
releyiag  even  a)  the  analysis  of  emergencies  in  electrical  systems. 

For  the  solution  the  first  two  probleas  sufficiently  knowing  how 
to  deteraiae  the  short-circuit  current,  which  flows  into  the  place  of 
dess?*,  aad  in  certain  cases  -  also  its  distribution  in  the  branches 
of  systss,  which  directly  adjoin  the  place  of  daaage.  in  this  cas°  in 
the  aajority  of  the  cases  coapletely  sufficient  is  the  approximate 
deteraiaatioa  of  the  current  of  three-phase  short  circuit  and  less 
oftea  than  the  current  of  the  two-phase  short  circuit  (see  §6-12) . 
Daria?  the  design  of  relaying  aad  the  analysis  of  emergencies  in 
electrical  systeas  are  required  the  deteraination  of  short-circuit 
currents  ia  the  various  foras  of  short  circuit,  the  determination  of 
its  distribution  in  the  branches  of  systea,  during  asymmetric  short 
circuits  the  deteraination  of  currents  in  the  damaged  and 
latact/aaia jared/undaaagcd  phases,  determination  during  the  short 
circaits  of  voltages  at  differeat  points  of  systea. 

Calculation  of  the  node/coaditions  of  short  circuit  taking  into 
account  real  characteristics  aad  real  node  of  operation  of  all 
el eaeat s/cells  of  the  power  systea,  which  unites  frequently  the  large 
aunber  of  most  varied  power  plaats,  is  by  very  coaplicated  and 
labor-coasuaing.  it  the  sane  tiee  for  solving  the  majority  of 
practical  probleas  during  design  aad  operation  of  the  electrical 
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UvlcM  tor  as  oat  to  bo  coapletelf  safficieot  to  have  available 
approxiaate  values  of  currents  and  voltages  during  short  circuits. 


Pig.  €-2.  Rmbi  of  abort  circuits. 

Pugo  72. 

Thoroforo  during  Assign  and  is  oporation  as  a  rule,  are  utilized  the 
approximation  aethods  of  the  calculation  of  the  uode/conditions  of 
the  short  circuit,  baaed  on  soss  conditional  assuaptions  which 
substantially  siaplify  and  facilitate  calculations  and  usually  they 
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load  to  the  dotoralaat ion  of  the  currents  of  short  with  exaggeration, 
i.e.*  with  reserve  (error  in  these*  calcnlaticn  aethods  it  usually 
leaves  order  10-ISo/o)  • 

Is  presented  belov  the  conventional  in  Soviet  practice 
approximation  art hod  of  the  calculation  of  currents  and  voltages 
daring  short  circuits*  in  vhich  are  accepted  the  following 
fnadaseatal  assaaptions: 

1*  They  accept*  that  during  entire  process  of  the  short  circuit 
of  oaf  of  all  generators  the  systeas  coincide  in  the  phase  (there  are 
no  oscillations  of  generators) . 

2*  Is  aot  considered  saturation  of  aagnetic  system  that  it  makes 
it  possible  to  consider  constants  and  not  depending  on  current 
indnctive  resistors/resistances  of  all  eleaents/cells  of 
short -circa!  ted  circuit. 

3.  They  disregard  exciting  currents  of  power  transformers. 

4.  Is  not  considered  capacity/capacitance  of  all  eleaents/c»lls 
of  short-circuited  circuit,  switching  on  air  and  cable  lines  (it  is 
virtually  necessary  to  consider  capacity/capacitance  only  of  very 
powerful /thick  lines  of  large  extent*  for  exanple  lines  by  voltage 
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400-500  k?|. 

5*  tk«f  consider  that  three-phase  system  Is  synaetrical. 

Especially  1st  as  pause  at  the  accouat  of  the  effective 
resistance  of  netaork  eleaents  of  short  circuit,  in  installations  by 
voltage  above  1000T  effective  resistance  of  generators,  power 
transforners  and  reactors  are  saali  in  comparison  with  their 
iadactive  resistors/resistances  and  they  little  affect  the  value  of 
short-eircait  current.  Therefore  short-circuit  current  in  these 
installations  they  usually  calculate  without  taking  into  account  the 
effective  resistance  of  network  eleaents  of  short  circuit,  taking 
into  account  only  their  inductive  reactances.  The  effective 
resistance  of  air  and  cable  lines  is  considered  only  with  their  large 
extent;  in  this  case  larger  value  has  an  account  of  the  effective 
resistance  of  cable  lines  as  a  result  of  their  relatively  low 
inductive  resist or /resistance.  Usually  the  effective  resistance  of 
the  circuit  of  short  circuiting  (r,,,,)  is  expedient  to  consider  only 
in  such  a  case,  when  it  is  aore  than  one  third  inductive  reactance 
(*„,)  ef  ths  sane  circuit  £6-1]: 

*(>.»•  I6*') 

la  installations  by  voltags  of  up  to  1000?  the  effective 
rsslstaacs  of  astwork  aleaeats  are  relatively  great;  therefore  the 
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omits  of  short  aftor  shorting  in  thsss  installations  should  bp 
calculated  taking  into  accoaat  both  the  inductive  and  effective 
resistance  of  aeteork  eleaents  of  short  circuit. 

In  the  following  below  paragraphs  of  present  chapter  is  examined 
the  eoapatation  of  currents  with  three-phase  short  circuiting.  The 
computation  of  carrents  during  asynaetric  short  circuits  is  examined 
in  J6-12. 

Briefly  the  order  of  the  conputation  of  currents  during 
three-phase  short  circuits  is  reduced  to  the  following.  For  the 
assigned  in  the  electrical  diagraa  place  of  short  circuit  connect  the 
substitutions  and  by  gradual  conversion  they  lead  it  to  one 
equivalent  eleaent/cell,  which  possesses  certain  resulting 
resistor/resistance  Vs  or  V*’  on  the  one  hand  of  which  it  proves 
to  be  applied  the  resultant  eaf,  and  froa  other  side  is  located  the 
point  of  short  circuit.  Knowing  resulting  euf  and  resulting 
resistor/resistaace,  according  to  the  lav  of  ohn  is  determined  the 
value  of  short-circuit  current. 

During  the  conputation  of  short-circuit  currents  all  entering 
the  calculation  values  can  be  expressed  in  naaed  units 
(kilo— volt— an per es,  aaperes,  volts,  ohms)  or  in  relative  units 
(fractioes/portions  or  percentages  of  the  basic  quality  accepted),  in 
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Soviet  designed  and  operating  practice  conventional  is  the  second 
net hod  of  calcalation.  i.e.  .  calculation  in  relative  units.  To  the 
advantages  of  this  aethed  of  calculation  can  be  attributed  the 
siepler  structure  of  the  aajority  of  calculated  expressions,  the 
large  clarity  of  the  results  of  computation  and  possibility  it  is 
very  rapid  and  it  is  siaple  to  deteraine  the  order  of  conputed 
aagnitudes.  Farther  on  the  course  of  the  presentation  of  material 
sill  be  shown  other  advantages  of  this  aethod  of  calculation. 

The  najor  advantage  of  the  aethod  of  calcalation  in  named  unity 
in  connection  with  s ho rt-ci resit  study  consists  in  the  use  of  an 
Oha*s  law  in  already  faailiar  fora. 

Below  aaterial  of  present  chapter  is  set  forth  in  the  following 
order.  All  processes  and  pheaoaena  during  short  circuits  are  examined 
with  the  expression  of  welues  in  naeed  units  (bat 

resist or s/resistances,  and  detail,  in  ohns) ,  with  exception  of  those 
cases  whan  use  of  a  systea  of  relative  unity  gives  the  simpler  or 
aore  deaonstrative  treataent  of  phenoaena  or  processes. 

Page  73. 


All  faadaeental  calculated  expressions  are  derived/concluded 
initially  in  the  systea  of  neaed  unity,  and  only  after  this  they  are 
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lad  to  tlio  systea  of  relative  salts,  which  facilitates  the 
understanding  of  the  physical  essence  of  calculated  expressions. 

Ia  exaaples  the  calculations  are  carried  out  predominantly  in 
relative  unity,  although  in  soae  exaaples  are  given  the  versions  of 
calculation  and  in  naned  units* 

6*2*  Systaa  of  relative  units* 

Tho  conputation  of  values  ia  relative  units,  i.e. ,  in 
fractioas/portions  or  percentages  of  certain  assigned,  so-called 
basic  quality  widely  was  encountered  already  in  all  preceded 
disciplines:  physics,  theoretical  electrical  engineering,  electric 

nachines,  etc. 


As  an  exanple  it  is  possible  to  indicate  the  deterninat ion  in 
fractions/portions  or  percentages  of  the  appropriate  nominal  values 
of  loss  or  drop  in  the  voltage,  end  also  the  power  loss  or  energy  in 
the  eleeents/cells  of  electrical  circuit,  in  relative  unity  accept  t 
express  the  peraaeters  of  electrical  aachines  and  transformers,  for 
example  iapedance  voltage  wK  7o,  the  slip,  etc.  The  systea  of  relative 
unity  they  widely  use  in  nany  courses  during  the  construction  of 
standard  characteristics  and  for  other  purposes. 
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B«rt  «•  will  exanine  th«  an  of  a  systea  of  relative  unity  in 
connection  with  the  calculations  of  the  eode/conditions  of  short 
circaits. 

>e  will  take  any  eleaeat/cell  of  three-phase  electrical  circuit 
with  following  rating  factors  (k7>  ,  lHOH  (ki|f  sm„  (nva)  and 

xMH  (okas)  (we  assnae/set  r*||,  which  are  connected  with  the  obvious 
conditions: 


.tit  A 

it 


5  =1/3  U  / 

SOM  '  MOM  MOM 

^HOW 

**MOM  I/'T/ 

WO*  MOM 


(6-2) 


Any  other  aode/coaditioas  of  the  sane  network  eleeent  is 
characterised  by  sons  values  of  voltage  0,  current  I,  power  s=/Tui 
and  resistor /resistance  which  can  be  expressed  in  the 

fractions/portions  of  the  corresponding  aoninal  sizes  of  this 

eleeent: 


u  —  u  I  = — — 

Um>*  ’  '*>* 


S  —  -  x  =  — — 

.HOM  ’  •«»* 


(6-3) 


Obtained  siailarly  values  are  the  relative  noaiaal  values,  which 
characterise  network  eleaent  under  given  conditions  for  its  work 
(index  asterisk  *  indicates  that  the  value  is  expressed  in  relative 
units*  and  iades  ■«*  -  that  it  is  referred  to  rating  factors  of  this 

network  eleaent)  • 


DOC  -  7913*80* 


PACK 


The  clarity  of  the  systea  of  relative  unity  shows  the  following 
siaple  exaaple.  Lot  the  generator  with  a  noainal  power  of  nva 

with  noainal  by  voltage  -  10,5  hi  work  with  load  S=28.5  hva  with 
voltage  0-10.2  kf.  According  to  these  data  it  is  difficult  to 
visualise  the  degree  of  atilisation  of  a  generator.  However, 
resorting  to  the  systea  of  relative  units,  we  obtain  the  following 
relative  aoainal  values  of  load  aad  voltage  of  the  generator: 

•  •u  S  I  0  2 

s*.o«~37T *0-76  **d  u* mm "T075 which  already  very  clearly 

characterises  the  aode/caaditloas  of  the  work  of  generator. 


The  given  above  expression  for  relative  noainal 
resistor/resistance  x  can  be  converted,  after  replacing 

*HOM 

•*«,„  with  its  value  froa  foraula  (6*2),  then: 


- ‘ 


Vi  1 


(6-4) 


Hence  it  follows  that  the  relative  noainal  resistor/res ista nee 
is  equal  to  a  voltage  drop  ia  the  resistor/resistance  of  this  network 
eleaeat  with  the  course  through  it  of  its  rated  current  (with  its 
aoniaal  load)#  referred  to  its  aoainal  voltage. 


After  replacing  in  foraula  (6-*)  the  rated  current  through 


aoainal  power,  we  will  obtain 


1 
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(6-5) 

Itlitin  vtlaM  of  current*  voltage  and  so  forth  can  be 
calcalatod  aot  only  vith  rospoct  to  the  noeinal  values  of  this 
network  eleaent,  bet  also  vith  respect  to  any  other  systea  of  values, 
placed  as  the  basis  of  calculation  and  being  called  base  line  system 

of  valees. 


Page  Tl. 


Is  obvioas  that  into  the  base  line  systea  of  values  they  nust  enter 
base  line  power  Sa,  base  liae  voltage  V0  and  base  current  /6'. 
conaected  with  agnation  power  of  three-phase  systea  S6  —  \/3uj6_ 
therefore  arbitrary  to  be  assigned  it  is  possible  only  by  t*c  basic 
gaalities.  Be  assigned  tc  usually  sore  conveniently  by  base  with  a 
power  of  Sa  and  voltage  U6  and  by  thea  to  already  determine  the 
base  liae  carreat: 


/ 


6 - 


Js_ 

V3u6 


(6-6) 


fith  known  basic  gualitiee  s6,Ut  end  7e  the  relative  base  line 
valaes  are  deter ained  fron  the  following  forsulas,  analogous  formulas 
<«-3|  : 


U. 


(6-7) 
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tiUtiva  base  line  resistor/resistance  is  deterained  from 
foraalas,  analogous  to  fonalu  (M)  and  (6-5) : 


V*J6x 

X,‘~  u. 


(6-8) 


c met 


v 


(6-9) 


Thas,  relative  bass  lias  resistor/resistance  is  equal  to  the 
voltage  drop  ia  tbs  rssistor/rssistaace  of  this  network  element  with 
the  coarse  throagh  it  of  bass  lias  current,  in  reference  to  base  lin 
voltage. 


Let  os  note  that  into  foraalas  (6-4)  and  (6-8)  to  nore 
con ran lent ly  substitute  current  ia  kiloaaperes  and  kilovoltaqe,  but 
into  foraalas  (6-5)  and  (6-9)  -  kilovoltage,  but  power  in 
aagavolt-aaperes. 

Proa  the  saae  foraalas  it  is  possible  to  deter nine  ohmaqe, 
knowing  resistor/resistance  in  relative  unity. 

Aaalogoasly  to  foraalas  are  determined  A#  aad  r  or  *.  and  z . 


In  general  the  systea  of  basic  qualities  can  be  selected 
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arbitrarily;  therefore  oaa  aad  tba  saaa  physical  quantity  can  have 
as  ay  relative  baaa  lina  values.  The  at  the  saaa  tiaa  relative  nominal 
value  af  tba  saaa  value  is  unaabiguous.  Taking  into  account  this,  in 
catalogs  and  plant  informational  nata rials  always  are  given  only 
ra la tiaa  aoaiaal  values,  i.e.,  deters ined  at  nosinal  power  and  with 
no sin a 1  voltage  of  aachine  or  apparatus. 

In  certain  cases  relative  values  are  expressed  in  percentages. 

It  is  obvious  that  9o/o*(/.t0ds  Io/o*/.100;  So/o»S.100;  xo/o*x.loo ; 
ra/e^.lH  and  so  forth. 


■elative  base  line  resistor/cesistaace  can  be  deterained  by 
knovn  relative  nosinal  resistor/resistance  (and  vice  versa) r  using 
the  following  foruulas,  obtained  fron  foraulas  (6-4)  and  (6-8): 


U  um 


MM  / 


~07 


or  fros  forsula  (6-5)  and  (6-9) : 


**•  MM  i-ou 


se  b  iu 


Ul 


(6-10) 


(6-11) 


In  conclnsion  let  us  point  out  that  with  the  use  of  the  system 
of  relative  values  should  be  considered  the  nuaerical  equality  of  the 
relative  values  of  interphase  and  phase  voltages,  which  is  evident 
fron  the  followings  =  Therefore  in  the  system  of 

relative  unity  ohn's  lav  takes  the  fora  (index  b  is  Quitted) 


A 


DOC  *  7913*80* 


PAGE 


U . 

,  ud  til*  foe  aula  of  three-phase  power  takes  the  fora  s=  ijj^  in 
this  case,  obviously,  all  entering  the  calculation  values  must  be 
deteruiaed  under  identical  conditions  -  noainal  or  base  line. 

8*3*  let work  of  installation* 

Short-circuit  carrents  calculate,  using  the  siaplified  unilinear 
di agree  of  iastallation  (Pig*  6-3),  which  is  called  of  calculation, 
la  this  diagraa  indicate  all  eleaeats/cells  of  installation  and  their 
rating  factors,  which  aust  be  taken  into  consideration  during  the 
coapatetioa  of  short-circuit  current.  In  installations  by  voltage 
above  1000V  are  considered  the  resistors/resistances  of  alternators, 
coapensators,  electric  aotors,  power  transforaers,  reactors,  air  and 
cable  lines* 

Peg*  75. 

The  resistors/resistances  of  the  busbars  of  distributors,  coupling 
cables  of  cooperatively  snail  length  and  electrical  apparatuses 
(switches,  current  transforasrs,  etc.)  do  not  consider  in  view  of 

their  saall  value* 

In  installations  by  voltage  of  up  to  10007  to  the  value  of 
short-circuit  currents  significantly  affect  not  only  the 


A 
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resistors/resistances  of  the  faadasental  oloaonts/cells  of  the 
short-circuited  circait,  bat  also  of  sach  elesents/cells  as  cables 
aad  busbars  bj  length  on  the  order  of  10-15  a  and  lore,  the  primary 
•lading*  of  carrant  transforners  (saltitarn) ,  coils  of  the  maximum 
car rant  of  autoaata,  contacts  of  knife  switches  and  autoiata,  etc.  in 
this  case  it  is  possible  not  to  consider  those  network  elements  whose 
total  effect  on  the  value  impedance  of  circait  does  not  exceed  lOo/c 
l3-«3. 

Inst r act ions  about  the  account  of  the  effective  resistance  of 
the  eleaeats/cells  of  the  short-circuited  circait  were  given  in  56-1. 

For  the  selection  of  electrical  egoipsent  nust  be  determined  the 
greatest  possible  values  of  short-circait  currents  in  this 
installation.  But  at  the  sane  tine  east  not  be  introduced  any 
aggravating  conditions,  which  do  not  correspond  to  standard 
conditions  of  operating  the  electrical  device.  Therefore  during  the 
coaposltion  of  network  one  should  proceed  fros  the  provided  for  this 
installation  norsal  conditions  of  the  connection  of  the  feeding 
aggregates/units  and  circuits. 

In  the  presence  of  aggregates/anits  or  circuits  which  on 
conditions  of  norsal  operation  it  cannot  be  connected  in  parallel 
(for  exanple,  the  step-down  traasforaers,  air  or  cable  lines,  etc.). 
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they  coapoat  network  on  the  basis  of  their  separate  work.  Separate 
eork  they  accept  also  when  the  parallel  coanection  of 
a99rs9atss/aaits  or  circuits  is  allowed/assuaed  only  briefly 
teaporarily  during  operational  switchings,  for  exaaple  the  start  of 
stand-by  transformer  with  the  subsequent  cutoff/disconnection  of 
worker  or  the  preliainary  start  of  stand-by  line  with  the  subsequent 
cntoff/discoanection  of  worker  (annual  or  autonatic) .  at  the  same 
tine,  if  ia  the  conditions  of  increasing  the  reliability  of  the  feed 
of  users  or  increase  ia  the  efficiency/cost-effect ire ness  of  the 
operation  of  substation  stand-by  transforaer  can  be  long  connected  to 
aultiple  operation  with  working  transfor ners,  then  this 
aode/coaditions  should  be  accepted  during  the  coaposition  of  network 
of  substation. 

If  the  collecting  aains  of  installation  are  reacted,  then  one 
should  proceed  froa  the  aoraal  node  of  the  work  of  installation  with 
the  connected  reactors  betweoa  the  sections  of  collecting  mains. 

Daring  the  peak  load  of  systea  in  work  can  be  located  all 
generators  or  all  power  plants  of  power  systea,  which  can  be 
necessary  both  of  the  considerations  for  providing  the  aost 
econo nice 1  aode/coaditions  of  the  work  of  systea  as  a  whole  and  for 
providing  the  accident-free  supply  of  users  in  the  case  of  any 
enorgency  cutoff s/diseonnections  in  systea.  Therefore  during  the 
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computation  of  short-circuit  car roots  for  a  selection  electrical 
eguipnent  asseee  the  siaultaaeoaa  anltiple  operation  of  all 
generators  of  the  power  systea  both  workers  and  stand-by  ones  [ 1-6  ]. 

The  synchronous  condensers  and  synchroaoas  electric  motors  with 
short  circuiting  behave  just  as  the  generators:  they  generate  current 
into  the  place  of  short  circuit*  Therefore  daring  the  coaposition  of 
network  shoal d  be  switched  on  is  it  also  the  synchronous  condensers 
and  sfnchronoa3  electric  motors*  examining  than  daring  the 
cnlcalntion  of  short-circuit  currents  kA  generators,  it  the  same  time 
one  should  bear  in  nind  that  the  snail  synchronous  electric  motors 
fin  total  power  less  than  1000  kVA)  and  especially  considerably 
distant  from  the  place  of  short  circuit  greatly  little  affect  the 
value  of  nhort-circait  current  and  therefore  they  can  be  disregarded. 

On  the  effect  of  asynchronous  electric  aotors  on  short-circuit 
current  it  is  stated  below  into  §6-11. 

During  the  computation  of  currents  of  short  circuiting  they 
conditionally  consider  that  ail  synchronous  aachines  to  short  circuit 
worked  with  full/total/conplete  noainal  load  with  noainal  factor  of 
power  and  noainal  load  voltage. 
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Pig.  6-3.  Unilinear  network  of  iastallat  ion. 

Roy:  Cl).  Basbars  of  substation.  (2).  ierial  line.  (3).  Q/iun.  (4). 
kf.  (5)  •  HfA. 

Pago  76. 

Purtheruore,  thoy  accept,  what  all  synchronous  machines  are  equipped 
with  the  aatoaatic  field  regulators  or  with  other  devices/equipment, 
which  iacrease  their  excitation  with  a  decrease  in  the  voltage  as  a 
result  of  short  circuit  (over-excitation,  compounding  -  see  §22-5) . 

let work  should  be  also  cos posed  taking  into  account  the 
predicted  to  the  next  10  years  developaent  both  this  installation  and 
that  power  system  in  which  it  works. 
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Daring  the  design  of  relaying  the  currents  of  short  circuit  in q 
can  be  deteraiaed,  also,  under  other  conditions  for  the  work  of 
installation  and  systea  as  a  whole,  which  finds  the  appropriate 
reflection  in  coaprised  network*  For  exaaple,  can  prove  to  be 
necessary  the  deternination  of  short-circuit  current  with  an 
incoaplete  aaaber  of  working  generators. 

In  general  on  network  there  can  be  several  electrical 
steps/stages  of  different  voltages,  connected  with  transformers  (on 
Fig*  6*3  two  steps/stages  of  the  voltage:  6.3  and  37  kV).  For  the 
perpose  amplifications  in  the  calculations  (see  §6-4)  for  each 
electrical  step/stage  instead  of  of  it  actually/really  the  voltage 
accept  nediun  noainal  voltage  "cp  according  to  the  following  scale: 
525;  *20;  230;  162;  115;  37;  18;  15.75;  13.8;  10.5;  6.3;  3.15;  0.  525; 
0*«  and  0.23  kV. 

On  the  collecting  sains  of  network  oust  be  shown  these  medium 

noainal  voltages* 

For  the  explanation  of  aedlua  noainal  voltage  let  us  turn  to  the 
diagraa  in  Fig.  6-4,  on  which  is  shown  raising  transformer  T,  which 
feeds  electric  power  line  L.  The  great  voltage  o,  in  the  beginning  of 
line  will  be  with  the  idling  of  transforser,  and  small  voltage  at  the 
end  of  line  0*  -  with  its  work  with  full  load.  Then  for  the 
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step/stage  of  tho  to It ago  of  lift*  L  the  eean  noeinal  voltage 
U  —  u>+°t  for  ezaeplc  in  networks  110  kV  0,*121  kV,  02=110  kv, 

«P2‘ 

lSLJil2.*i,5 

After  accepting  for  each  electrical  step/stage  aediun  nominal 
voltage*  they  consider  that  the  noainal  voltages  of  all 
eleaents/cells*  connected  at  this  step/stage*  are  equal  to  its  medium 
noaiaal  voltage.  However*  the  siscalcalation  of  short-circuit 
currents  is  obtained  insignificant. 

On  network  of  the  installation  (see  Pig.  6-3)  indicate  nominal 
power  (kVi  or  HTA)  and  relative  noainal  resistors/resistances  of  the 
elenents/cells  which  anst  he  taken  into  consideration  durinq  th» 
coapotation  of  short-circuit  currents.  For  reactors  indicate  their 
rated  currents*  for  air  and  cable  lines  -  length  and  inductive  ohmaqe 
to  kiloneter*  but  if  they  intend  to  consider  effective  resistance, 
then  section  and  aaterial  of  wires  or  strand  of  cable. 

Are  given  below  the  exeaplary/approxiaate  values  of  the 
resistors/resist aaces  of  eleaents/cells*  considered  during  the 
con potation  of  short-circuit  currents. 

Synchronous  aachines.  la  the  set-forth  below  the  practical 
aethod  of  calculation  of  the  currents  of  three-phase  short  circuit. 
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ths  synchronous  isckises  are  coMid«r«d  by  th«ir  inductive  reactance 
for  as  initial  aoaoat  of  short  circuit,  by  so-called  ultratransit ory 
rosistor/resistance  along  the  longitudinal  axis  of  poles 
(*-2b 


The  relative  aoninal  values  of  ultr atransitory 
resistors/resistances  x"d  for  different  types  of  synchronous  machines 
conprise: 


i >|Typ6oreiiepaTopoB  AByxnojiiocHbix  .... 
VyiiAporeHepaTopoB  6c3  ycnoKomejibHux  o6mo- 


l^rHaporeHeparopou  c  ycnoKOiiTe.ibHbJMii  o6uot 

K3MII . 

V^CHHXpoKKblX  KOMfieHCBTOpOB  ....... 

^uoiuhui  cMiixpoHHux  sjie KTpoaBiiraTcaeft 


0,00 — 0,20 

0,3 — 0,33 

0,14— 0,10 
0,15—0.20 
0,18—0,38 


Key:  (1|  .  the  turbogenerators  of  two-pole  ones.  (2).  hydraulic 
generators  without  danper  windings.  (3).  hydraulic  generators  with 
da  aping  windings.  (4).  synchronous  condensers.  (5).  powerful/thick 
synchronous  electric  aotors. 


Bore  precise  values  x"d  are  given  in  catalogs  and  plant 
aaterials  (see  in  appendix  table  P-1,  P-2,  P-3). 


Power  transforaers  and  autotransfor aers.  Double  wound 
transformers,  for  each  transforaer  there  is  known  its  impedance 
voltage  “*'/»•  the  nuaerical  equal  to  a  voltage  drop  in  transformer 
with  ite  aoninal  load,  expressed  in  percentages  of  its  nominal 

voltage. 
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Pig.  6-4.  Diagraa  to  th«  explanation  of  the  aedium  nominal  voltage  of 
electrical  at* p/stage. 

Page  77. 

Therefore,  on  the  basis  of  data  in  §6-2  deter a in at ions  of 
relative  aoainal  resistor/resistance,  it  folloaa  that  V/«-=V/<> 

The  effective  resistance  of  high- volt ages  transformer  is  small; 
therefore  for  then,  as  a  rule,  accept  a.,  ^ 

Daring  the  coapatation  of  short-circnit  currents  in 
installations  to  1000T  they  consider  as  that  active,  and  inductive 
reactances  of  transforaers. 

The  effective  resistance  of  such  transforaers  easily  is 
deteraiaed,  if  are  knovn  the  losses  of  short  circuit  K  of 
tranaforaer,  i.e.,  power  loss  in  the  windings  of  transformer  with  its 
aoainal  load: 
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3/. 


-  (6-12) 


u  % 

Site*  7,t"“i6o  •  tfciii,  being  guided  by  formula  (6-5),  it  is  possible 
to  detersive  iepedence  of  traAsforaer  in  the  ohas: 


Z 


r 


Thee  inductive  reactance  of  the  transforaer 


xt~V  (6-13) 

•here  'T  and  *r  a  oat  be  related  to  one  voltage. 


The  saae  resistors/resistaacea  of  transforaer  can  be  determined 
la  relative  unity.  Being  guided  by  foraula  (6-5),  ve  determine  the 
relative  effective  resistance  of  the  transforaer: 


'•T 


u 


2 

r.Hou 


After  substituting  into  latter/last  expression  value  r* 
according  to  foraula  <6-12),  ve  *ill  obtain: 


(6-l2,a) 


■•lative  inductive  reactance  of  transforaer,  assuaing/sett 5 ng 
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x*i  ”  r»x  ~ 


(6-13.0) 


Value  V/*  they  take  according  to  GOST  401-41  or  cataloqs  upon 
poaar  traasforaers  (Table  P-4) .  for  double  wound  transformers 

««•/•  =  5. 5-14*/.- 


Triple- wound  transforaera  (Fig.  6-5a)  and  autotransformers  (Fiq. 
6- 5b)  are  characterised  by  walees  uK*/t  for  each  pair  of  the 
•ibdiagss  '/•:  “»b-h '/•  ud  w«c-h*/».  led  to  the  noalnal  power  of 

transforaer  or  autotransforaer  (noalnal  power  of  the  latter  is  equal 
to  ita  transfer  power  -  aee  chapter  23).  The  replaceaent  scheme  of 
three-uinding  transforaer  or  autotransforaer  is  given  in  Fig.  6-r>c. 
Inductive  reactances  of  the  raya/beaas  of  the  equivalent  star  of 
replaceaent  ackene  can  be  deter aiaed  froa  the  foraulas: 

•*.B  “  ®‘^(M.«B-C  *f"  M.kB— H  U.«C— «)'■  | 

x,c  =  °-5  («^B-C  +  U..C-H  —  u.«b-h);  1  (6-14) 

X.»  ~  ~f"  U*C-H  tf.«B— J 

■eactors.  Inductive  reactance  of  reactor  deteraine  by 
calculation*  on  the  baaia  of  need  the  llaitations  of  the  current  of 
short  circuiting  to  the  specific  value  (aee  Chapter  8).  On  stations 
and  substations  aoat  frequently  are  applied  the  reactors  with 
reals tor/reslsta ace  *,  froa  3  to  IGo/o  (see  Stable  P-7). 
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Sir  sad  cable  Haas.  Baactaaca  to  tha  phase  of  lines  can  be 
accepted  oa  tha  basis  of  the  following  average/wean  values: 


0.4 


j  ,yw»  »01JiyWHblX  JIUHHfl  6—220  K«  (HI  OAHy 

. . 

(  a  Bosayuinux  /..jiiiiA  iianpH*enHeu  ao 

U  1000  . . _ . °-3 

itaCeAeA  35  *rs  .  ,  .  .  .0,12 
.  3-10  kiv'0,07 — 0,0ij 

.  I  K*v)  0.06—0,07 


^AAA  TpCXWll.lMlUX 


om/xm 


Kay:  (1|.  for  aerial  lines  6-22 0  kV  (to  one  circuit).  (2).  o/kn.  (3). 
for  aerial  lines  by  voltage  of  ap  to  1000V.  (4).  for  triple-cores 
cable  35  kV.  (5).  kT.  (6|.  to. 


Pig.  6-5.  Trip la- woo ad  poser  trassforner  (a),  triple-wound 
aet ot raasf or aar  (b)  and  raplacasoat  schase  of  their  (c) . 
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The  effective  resistance  of  wires  and  cables  is  taken  by 
reference  tables  or  they  deteraine  from  the  generally  known  fornula: 


r=-i-.  (6-15) 

where  r  -  active  resistance  of  line,  oha; 


X.  -  length  of  line,  a; 


r  -  specific  conductivity  (for  copper  y=53;  for  aluninun  y=32), 
m/ohm •an*; 


s  -  section  of  wires,  an*. 


Busbars.  Inductive  reactance  of  rectangular  busbars  during  the 
location  of  phases  in  one  plane  with  distance  of  a  between  the  axes 
of  the  phases  (see  Fig.  10-d),  as  it  is  usually  accept  in  N 
installations  by  voltage  to  1000  V,  it  is  possible  to  determine  fron 
the  following  approx  in ation  foraula: 


J 
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Key:  (1).  mQ/m. 


inf 


4<*cn  l>  > 

=  0.145  Ig  — —  \mom/u\. 


(6-16) 


where  acp *=  jj' al,a„a„  -  geometric  mean  distance  between  centers  of 
phases,  mm;  with  the  location  of  pnases  in  one  plane  and  equal 
distance  between  them  4tp=i.26a;A  -  aeight  of  rectangular  busbar,  me. 


The  effective  resistance  of  busbars  is  determined  from  formula 
(6-15)  . 


Apparatuses.  Active  and  inductive  reactances  of  apparatuses, 
considered  during  the  determination  of  short-circuit  currents  in 
installations  by  voltage  to  1000  V,  accept  according  to  plant  data 
(to  catalogs)  or  results  of  measurements. 

6-4.  Determination  of  the  resulting  resistor/resistance  of  short 
circuit. 


Replacement  scheme.  On  network  of  setting  up  plan  the 
calculation  points  of  short  circuit.  If  short-circuit  current 
determine  for  testing  electrical  equipment  to  stability  with  short 
circuit,  then  calculation  points  must  be  outlined  then  so  that  over 
selected  electrical  equipment  would  flow/occur/last  the  greatest 
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possible  short-circuit  current  during  the  assigned  node/conditions  of 
the  (fork  of  the  setting  up  (for  greater  detail,  see  Chapter  21).  Then 
for  the  selected  point  of  short  circuit  connect  the  substitutions  of 
the  setting  up,  in  which  all  network  eleaents  show  connected 
electrically  (magnetizing  currents  of  transformers  they  disregard) . 
Each  network  element  in  replacement  scheme  they  designate  by  the 
fraction:  in  numerator  is  set  itself  the  reference  number  of 
element/cell,  and  in  denominator  -  values  of  the  inductive  and 
effective  resistance  (if  the  second  they  do  not  disregard). 

In  the  form  of  an  example  Fig.  6-6  gives  two  replacement 
schemes,  comprised  for  points  K- 1  and  K-2  of  network  in  Fig.  6-3 
(values  of  resistors/resistances  are  determined  below  in  example  of 
6-1)  . 


Since  the  magnetizing  currents  of  power  transformers  during  the 
computation  of  short-circuit  currents  do  not  consider,  then  into 
replacement  scheme  double  wound  transformer  should  be  introduced  one 
resistor/resista nee,  equal  to  the  sum  of  resistors/resistances  of 
both  its  windings. 

During  the  composition  of  replacement  scheme  it  is  necessary  to 
indicate  in  it  only  those  resistors/resistances  over  which 
flows/occurs/lasts  the  aesigned  short-circuit  current.  So,  into 
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replacement  scheme  for  point  K- 1  are  introduced  inductive  reactances 
of  generators  and  reactor,  but  inductive  reactances  of  transformers 
and  of  aerial  line  are  not  introduced,  since  during  short  circuit  at 
point  K- 1  that  of  the  short  circuit  through  thea  does  not 
flow/occur/last  (station  works  isolated/insulated,  without 
connection/communication  with  system).  On  the  contrary,  into 
replacement  scheme  for  point  K- 2  are  introduced  the 
resistors/resistances  c£  transformers  and  line,  but  the 
resistor/resistance  of  reactor  is  not  introduced. 

Total  or  as  it  accept  to  call,  the  resulting  resistor/resistance 
of  short  circuit  can  be  determined  in  named  or  relative  unity. 

“fhe  determination  of  resulting  ohmage.  If  network  has  several 
mapnetoconnected  circuits  (several  network  elements  at  the  different 
electrical  steps/stages,  connected  with  transformers  -  a  diagram  in 
Fig.  6-7) ,  then  the  resistors/resistances  of  all  network  elements 
must  be  given  to  one  and  the  same  uase  line  voltage  (to  voltage  one 
and  the  same  electrical  step/stage). 

ffuring  the  determination  of  short-circuit  current,  which  flows 
into  the  place  of  short  circuit,  it  is  more  convenient  for  base  line 
voltage  to  accept  the  medium  nominal  voltage  of  that  step/stage  on 
which  assumed  short  circuit. 
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Pig.  6-6.  Replacement  schemes  for  the  points  of  the  short  circuit  K-1 
(diagram  a)  and  K-2  (diagram  b)  network  in  Fig.  6-3. 


Page  79. 

Bringing  the  resistor/resistance,  expressed  in  ohms,  to  the 
selected  base  line  voltage  is  produced  according  to  the  formula: 

x  =  x(klk1kl. . .  kn)1,  (6-17) 

where  *i,  *a.  *j...  A,  -  transformation  ratios  of  the  transformers  through 
which  resistance  x  is  connected  with  the  step/stage  of  the  base  line 
voltage;  transformation  ratios  are  determined  in  direction  from  the 
selected  base  line  step/stage  to  that  step/stage,  at  which  is 
connected  the  element/cell  whose  resistor/resistance  they  lead  to 
base  line  voltage. 

In  accordance  with  indications  §6-3  for  «ach  step/stage  they 
accept  medium  nominal  voltage;  therefore  also  transformation  ratios 
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it  is  necessary  to  define  as  the  relation  of  the  medium  nominal 
voltages  of  steps/stages. 


For  example,  for  the  diagram  in  Fig.  6-7,  on  which  are  shown  the 
aediua  nominal  voltages  of  steps/stages  and  resistor/resistance  of 
network  elements,  in  reference  to  the  appropriate  medium  voltages  (x» 
-  to  0,;  x2  and  x3  -  to  02;  x4  and  xs  -  to  0,  and  x*  -  to  U4 ) ,  the 
resistors/resistances,  led  to  base  line  voltage  will  be: 


for  a  generator  G 


U ,  u, )  Jc'  {u,J  -•*> 


Ul. 

«f* 


for  transformer  T-1 


for  line  L- 1 


— u» )  ~  *KU»)  ~  'u%  ' 


r  =j Ki“*..U±.V-x  ^ 


and  so  forth. 


Thus,  because  of  the  fact  that  for  each  step/stage  accept  the 
medium  nominal  voltage,  the  intermediate  coefficients  of 
transformation  are  reduced  and  the  translation  of 

resistors/resistances  can  be  conducted  directly  on  base  line  voltage 
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according  to  the  formula: 


(6-18) 


where  xU6  -  inductive  ohaage  to  the  phase  of  this  eleaent/cell,  led 
to  base  line  voltage  U6  accepted  (sign  of  bringing  °  it  is  oaitted)  ; 


-  inductive  ohmage  to  the  phase  of  this  eleaent/cell  with 
medium  nominal  voltage  Uep  o t  that  step/stage,  on  which  is  connected 
this  element/cell. 


Analogously  lead  to  U6  active  and  impedances. 

Scale  U  was  given  to  §6-3. 

After  indicating  in  the  diagram  of  the  substitution  of  the 
resistor/resistance  of  all  eleaents/cells  in  ohms,  led  to  base  line 
voltage,  via  known  from  tneoretical  electrical  engineering  rules 
convert  diagram,  giving  it  to  to  ever  simpler  fora,  and  deteraine 
resulting  resistor/resistance  xp,,  or  *  circuits  to  the  point  of  the 
short  circuit  (see  belcw  exaaples  of  calculation). 


The  determination  of  the  resulting  resistor/resistance  in 
relative  unity  is  possible  only  xn  such  a  case,  when  the  relative 
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resistors/resistances  of  all  network  elements  are  calculated  under 
one  and  the  same  base  line  conditions.  For  example,  if  in  circuit  are 
two  elements/cells  with  rating  factors  St,  I,,  0, ,  xti  and  S?,  I2, 

U*,  x.s>  then  it  is  simple  to  accumulate  values  jc,,  and  x^  is  cannot, 
since  they  are  determined  in  different  rating  factors.  But  if  the 
relative  resistors/res istaaces  of  these  elements/cells  are  determined 
with  the  same  power  (current)  and  are  related  to  one  and  the  same 
voltage,  i.e.,  we  calculate  under  identical  base  line  conditions, 
then  the  resulting  resistor/resistance  can  be  determined  by  the  usual 
conversions  of  replacement  scheme. 
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Pig.  6-7.  Schematic  of  networjc/grid  with  several  steps/stages  of 
transformation. 


mind  that  /  must  be  determined  with  the  medium  voltage  of  that 
electrical  step/stage,  on  which  is  established/installed  the  reactor. 
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Here  it  should  be  noted  that  when  reactor  is  utilized  in  the 
setting  up  of  ssaller  voltage,  for  exasple  during  the  use  of  a 
reactor  by  a  voltage  10  kV  in  setting  up  by  a  voltage  6  k ▼  ,  it  is 
necessary  to  consider  a  difference  in  the  noninal  voltage  of  reactor 
from  the  medium  voltage  of  the  step/stage  where  it  is 
established/installed,  and  to  determine  its  relative  base 
resistor/resistance  by  foraula  (6-10). 


For  the  air  and  caole  lines,  and  also  other  eleaents/cells  whose 
resistor/resistance  is  known  in  ohes,  bringing  to  base  line 
conditions  is  performed  as  follows.  According  to  foraula  (6-5) 
resistor/resistance  in  relative  unity  (assuaing/setting 

S  x 

Uuo*—UcJx.HOM—~7!i  •  Bringing  to  base  line  power  according  to  foraula 

t,cp 

(6-19)  gives: 


V 

u'L 


(6-21) 


where  U  -  medium  nominal  voltage  of  that  electrical  step/stage  in 
circuit  of  which  is  connected  this  resistor/resistance. 


Let  us  recall  again  that  into  foraula  (6-21)  s.  ooe  should 
substitute  in  mega volt-aaperes,  and  (j 


in  kilovolts, 


DOC  =  79134805 


PAGB 


According  to  analogous  formulas  they  lead  to  base  line 
conditions  active  and  impedances. 

Havinq  shown  in  the  diagram  of  substitution  all  led  to  base  line 
conditions  relative  resistors/resistances,  by  the  gradual  conversion 
of  diagram  determine  the  resulting  resistor/resistance  of  short 
circuit  in  relative  unity  (or  *  ). 

that  presented  earlier  and  fornulas  (6-8)  and  (6-9)  it 

follows: 

„  _ ^  soxtM  (6-22) 

uT~ 

If  after  u  accept  U  the  step/stage  of  short  circuit  is 
referred  to  this  voltage,  then  by  xtPtt  should  be  understood  a  voltage 
drop  in  the  total  resistance  of  short  circuit  when  the  load  of  all 
elements/cells  of  this  circuit  is  equal  to  base  line  power 
accepted  referred  to  the  accepted  as  base  line  medium  voltage  of  the 
step/stage  of  short  circuit. 

Thus,  *.f,t  is  the  conditional  calculated  value,  which  depends  on 
base  line  conditions  (jc  hS.L  accepted,-  since  S„  can  be  selected 
arbitrarily,  then  for  this  point  of  short  circuit 
different  values  less  or  large  unity. 


can  have 
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Value  S6  accepted  aust  be  conveniently  for  the  computations ;  in 
■any  instances  is  convenient  to  take  as  S6  the  equal  to  100  or  1000 
NV  A. 


In  the  practice  of  calculations  is  used  extensively  also  the 
so-called  calculated  resistor/resistance  of  short  circuit  under 

which  is  understood  the  total  resistance  of  circuit,  which  consists 
of  relative  inductive  reactance  for  initial  the  aoaent/torque  of 
short  circuit  x "  of  generators  and  external  resisting  froa 
generators  to  the  point  of  short  circuit,  referred  to  the  total  power 
of  generators  ^MUt,  froa  which  is  calculated  the  short-circuit 
current. 


Pa  ge  81. 


Prom  the  aforesaid  it  follows: 


X  ™  X 
*~«pac«i  #pc3 


(6-23) 


where  -  calculated  inductive  reactance  of  short  circuit,  in 

reference  to  the  total  power  of  generators  \OMl; 


x.t*,  ~  resulting  inductive  reactance  of  short  circuit,  in  reference 
to  arbitrarily  selected  base  line  power  S#. 
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Let  us  note  that  unambiguously  characterizes  the 

electrical  distance  of  the  point  of  short  circuit  froe  electric  power 
sources. 

Every  thing  said  in  ratio  and  to  equal  degree  is 

related  also  to  impedance  of  short  circuit  and 

Example  of  6-1.  To  deteraine  resulting  ohaage  and  relative  unity 
to  points  K-1  and  K-2  of  network  in  Pig.  6-3,  on  which  are  shown  all 
necessary  calculations  of  value.  Effective  resistance  not  to 
consider.  Nominal  voltages  of  all  elenents/cells  of  network  to 
consider  equal  to  the  medium  nominal  voltages  of  the  corresponding 
steps /st  ages. 


Calculation  in  ohms.  Replacement  schemes  are  given  in  Fig.  6-6. 


We  determine  resulting  resisting  of  circuit  to  point  K-1.  Base 
line  voltage  Ut  —  uQp ,-6,3  k¥. 


Resisting  of  generators  with  voltage  6.  3  kv  we  deteraine, 
utilizing  formula  (6-5)  : 


X  II* 

*  NOM^MOK 


0, 125-6,3*  (.’> 

•  “0,33  om. 


IS 


Key:  ohm. 


■A 
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resisting  of  reactor*  being  guided  by  foraula  (6-4): 

*•  Kou^m 


Yuu 


4.«,3  lO 


Key:  (1)  .  ohm. 

Having  connected  the  neutral  of  the  windings  of  generators  as 
the  points  of  midpotential,  we  obtain  the  simplest  diagraa*  which 
consists  of  two  parallel  ones  and  one  series  resistance  (see  the 
diagraa  in  Pig.  6-6a),  tcom  which  we  find: 

.  _  *>«»  . 

~,  +  xt  +*•“ 

0.33  (i) 

J~+0'36s5s0»53  om. 


Key:  (1)  .  ohm. 

He  determine  resulting  resisting  of  circuit  to  point  K-2.  Base 
line  voltage  —  k 7. 

Resisting  of  generators  we  lead  to  base  line  voltage*  utilizing 
foraula  (6-18)  : 

« -  37*  <*> 

*,  °'33  t7gr-u.4  om. 

vcp 

Key:  (1).  ohm. 

Resisting  of  transforaers  with  base  line  voltage  we  deteraine* 
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utilizing  formula 


(6-5)  : 

— *1  •* 


n^Ml'iou 


7,6»37> 
l00.7,6  — 


13.7 


£ 


Key:  (1)  .  oha . 


Inductive  reactance  of  line  with  voltage  37  kv 

O' 


0,4/  — 0.4-15-6  cm 


Key:  (1)  .  ohm. 


Prom  replacement  scheme  in  Pig.  6- 6b  we  find: 


_  *l*»  I  *4*1  I  _ 

**“**  *.+*.  +  *.  +  *.  +  * 

11.4  .  13,7  ioc  (i) 

J  Ms:  18,6  OM. 


Key:  (1) .  ohm. 


Per  unit  calculation.  Emplacement  schemes  are  given  in  Pig.  6-8. 


We  determine  resulting  resisting  of  circuit  to  point  K-1. 


Ve  accept  se»ioo  HVA  and  we  lead  to  it  all  resisting. 


Relative  base  line  resisting  of  generators  according  to  formula 


(6-19)  : 
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*i  m  “ 

100 

"0, 126  1  '  “033. 

For  determining  relative  base  line  resisting  of  reactor  froe 
formula  (6-20)  we  determine  the  base  line  current 

s»  ioo  ,n 

V 3  6.3  SSs9*24fa* 

Key:  (1)  .  kA. 

then 

U  4  ».2_ 

z*  “  z*  p  «  *"  z*  (»••«»•  /pllolJ  *“  Tod '  o.  .j1®10*92* 

Converting  diagram  in  Fig.  6-8a,  we  obtain: 


-if-  +*J  “  — +  0,9-  =5s  1,34. 
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Pig.  6-8.  Replacement  schemes  foe  example  of  6-1. 

Page  82. 

We  determine  resulting  resisting  of  circuit  to  point  K-2. 

Wfe  accept  the  same  base  line  power  100  HVA;  therefore 

relative  base  line  resistance  of  the  generators  remains 
constant/invariable  ones,  i.e. ,  X|=x2=0.  83. 

Relative  base  line  resisting  of  transformers  we  determine, 
utilizing  formula  (6-19): 

u„y.s6  7,5  100 
*.*=*.*=  Too6tlio“  “  Tuo  •  775“  '• 

Relative  base  line  resisting  of  electric  power  line  according  to 

S6i  100-0,4.15 

*•  “  ~u*~“  37>  58  0,44 

cp 


formula  (6-21)  : 
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Converting  diagram  in  Fig.  6-8b,  we  obtain: 

0,83  ,  I 

+*j"  +0,44  %  1 ,4. 

The  examined  example  shows  that  per  unit  calculation  somewhat 
simpler,  since  for  the  larger  part  of  network  elements  are  usually 
known  relative  nominal  resisting. 

Some  indications  in  accordance  with  the  conversion  of 
replacement  schemes.  During  the  computation  resulting  resisting  of 
short  circuit  always  one  should  approach  simplification  in  the 
replacement  scheme.  Frequently  the  replacement  schemes  are 
symmetrical  with  respect  to  the  point  of  short  circuit,  which  makes 
it  possible  to  connect  the  points  of  equal  voltages  and  thereby  to 
considerably  simplify  diagram  and  computation  x^,.  For  example,  it  is 
required  to  determine  Jfw  for  point  K  of  diagram  on  Fig.  of  6-9a*  with 
identical  generators  and  step-up  transformers,  in  this  case  during 
short  circuit  at  point  K  the  voltage  on  the  busbars  of  sections  A  and 
B  will  be  identical  and  through  the  sectional  reactor  ft  the 
short-circuit  current  flow/occur/last  will  not  be.  Because  of  this  in 
replacement  scheme  sectional  reactor  it  is  possible  not  to  consider 
and  to  connect  directly  points  A  and  B,  as  shown  in  Fig.  6-9b. 


L 
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Deter nination  xmt  for  the  similar  case  to  us  is  already  known. 

With  different  generators  (Fig.  of  6-9a)  the  voltages  on  the 
busbars  of  sections  A  and  B  during  short  circuit  at  point  K  will  not 
be  equal  and  through  the  reactor  will  flow/occur/last  the 
short-circuit  current.  Replacement  scheme  takes  the  form,  shown  in 
Pig.  6-10a.  Determination  a-.,  becomes  complicated,  since  in  diagram 
appears  the  triangle  of  resisting,  formed  by  transformers  and 
sectional  reactor.  For  determination  it  is  necessary  the  triangle 
of  resisting  to  replace  with  equivalent,  star  of  resisting. 
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Vmk/  I'JMl 


Fig.  6-9.  Hetwork  of  stations  witn  the  reacted  composite  busbars  of 
generator  voltage  (a)  and  replacement  scheme  (b)  for  the  point  of  the 
short  circuit  K  with  identical  generators  and  transformers. 


Key:  (1)  .  kV. 


Pig.  6-10.  Replacement  schemes  for  point  of  short  circuit  K  of 
network  in  Fig.  6-9  with  different  generators. 


■  &>  ■  1 1 . 
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Fig.  6-11.  Conversion  ot  triangle  of  resisting  into  equivalent  star 
of  resisting. 

Page  83. 


It  is  known  that  resisting  x2  and  x3  of  triradial  star, 
equivalent  to  the  triangle  of  resisting  xl2,  x23  and  x3I  (Fig.  6-11), 
are  equal  to: 


X2 

x. 


_ _ X I  lx  i\ _ . 

*12  4  *22  -I-  *21  ’ 

_  *.12*22 _ . 

*12  “h  *22  "l'  *j  I 

_ _ 

-i*  **i 


(6-24) 


•£f  necessary  it  is  possible  the  triradial  star  of  resisting  to 
replace  with  equivalent  triangle  of  resisting  which  are  determined 
from  the  formulas: 


x„  —  ■*,  -j-  x  j  -f-  ; 

x>}~  xt  +  *2  +  X~jr1’ 

*21  —  *1  4*  *2  4”  ~  • 

*1 


(6-25) 


Example  of  6-2.  To  determine  *.,*,  to  point  K  of  network  in  Fig. 

6-9. 


Xt  is  known: 
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Sr.Hox  i  “3*.2S  M»a\  x"d,  =  0,123; 

< n 

Sr.HOMi  *=  15  Alta.  *"dl  =  0,126; 

.  ,  .  (M) 

V»«  —  *.5  *<»:  Jfp  —  10%; 

2  a  to  mSS',  «„  •=  10,5%. 


Key:  (1)  .  MVA.  (2)  .  kA. 


Medium  nominal  voltages  are 


Replacement  scheme  is  given 


snovn  in  the  diagram. 


in  Fig.  6-10a. 


Ve  lead  all  resisting  to  base  line  power 


X|  ~  x‘<tt  ~s - —  0.  123 -57-3=- ^0,39- 

°r.HOM  l  31 .25  ^  - 

I  AT) 

*,  =  0.126-^  =  0,81. 


uKV,S6  10,5  100 

*  ~  X‘  “  W^  =  l0(r  •  '.05; 

y/«  l»  10  9.2 

‘ "  100  ■  ns-0-6'- 


too  nr  A: 


Here  /a—p.-63  =s9.2  kA  is  determined  with  the  voltage  of  that 
step/stage,  on  which  is  established/inst ailed  sectional  reactor, 
i.  e.,  with  06=.  6,3  kV. 


We  replace  resisting  of  triangle  x3,  x*  and  xs  by  equivalent 


st  ar  (Fig.  6-  10b) : 
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1,05-0,61  0.6t  ... 

1,05  +  1.05+  O.til  OT-^  •  • 


1,06.1,05  ... 

*•  “  — 7771  W1- 


Resisting  xt  and  x6  are  connected  in  series: 

—  *i  +  jr,  *=  0,39  -f-  0,24  —  0,63; 

the  sane  resisting  x2  and  x7: 

*«.  —  *,  +  *,  —  0,64  +  0,24  a  1 ,03. 

Then  replacement  scheae  takes  the  form,  shown  in  Fig.  6-10c. 


After  connecting  the  neutrals  of  generators  G- 1  and  G-2,  we 
determine  resulting  resisting  of  snort  circuit: 


6.5.  Short  circuit  in  the  circuit,  which  feeds  fron  the  electrical 
system  of  the  unlimited  power. 


The  electrical  system  of  the  unlimited  power  conditionally  is 
considered  such  relatively  powerful/thick  systen,  voltage  on  busbars 
of  which  can  be  virtually  considered  constant/invariable  with  any 
changes  in  the  current  (even  during  short  circuit)  in  connected  to  it 
low-power  circuit  (SCJOI(  =  oo;  jc{  =  0;  rc  =  0).  In  actuality  the  power  of 
electrical  systems  and  their  resisting  have  soae  finite  values. 
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However,  many  elements/cells  of  electrical  networks  possess  this 
seall  power  in  comparison  with  the  power  of  their  feeding  systee  and 
this  considerable  resisting  in  comparison  with  resisting  of  systea, 
that  during  short  circuits  after  such  eleaents/cells  (transformer, 
reactor,  line)  the  voltage  on  the  busbars  of  the  feeding  systea 
changes  insignificantly  and  frequently  without  special  aiscalcolation 
of  short-circuit  current  this  change  in  the  voltage  it  is  possible 
not  to  consider. 

During  the  computation  of  short-circuit  currents  for  the 
selection  of  electrical  equipment  it  is  possible  not  to  consider 
resistance  of  the  feeding  system,  if  it  does  not  exceed  5-10o/o 
resulting  (or  calculation)  resisting  of  short  circuit.  Obtained  in 
this  case  corresponding  exaggeration  of  short-circuit  current  does 
not  usually  affect  the  types  of  the  adjustable  electrical  equipment. 

Page  84. 


Let  us  examine  the  process  of  changing  the  short-circuit  current 
in  the  simplest  circuit  (Fig.  6-12),  which  feeds  froa  the  electrical 
systea  of  the  unlimited  power,  let  us  consider  that  the  voltage  on 
the  busbars  of  system  is  equal  to  medium  voltage  U  of  the 
corresponding  electrical  step/stage,  and  resisting  are  expressed  in 
ohms  and  are  given  to  the  same  voltage  UCf. 
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The  current  of  load  in  nornal  node  is  determined  by  the  value  of 
voltaqe  UCf  and  by  the  values  of  resisting  of  network/grid  and 
electrical  receivers 

During  three-phase  short  circuit  at  point  K  resisting  of  circuit 
sharply  decreases  to  values  *pet,  which  is  considerably  less  than 
resisting  of  electrical  receivers  the  circuital  current  increases 
of  up  to  the  value,  caused  by  voltage  on  the  busbars  of  systen  U 
and  resulting  resisting  of  circuit  ofytrp  to  the  place  of  short 
circuit. 

It  is  known  that  in  the  circuits,  which  contain  inductance,  it 
cannot  be  an  instantaneous  change  in  the  current.  Any  change  of 
resisting  the  circuit  causes  the  transient  process,  during  which  the 
circuital  current  changes  to  certain  steady  value.  A  siailar 
transient  process  occurs,  also,  during  short  circuits. 

Fig.  6-13  gives  the  curve  of  a  change  of  the  short-circuit 
current  it  in  the  circuit,  shown  in  Fig.  6-12.  There  it  is  shown 
that  this  current  can  be  decomposed  on  two  component/term:  the  forced 
harmonic  current,  which  has  the  steady  value,  and  the  free  aperiodic 
current,  which  damps  exponentially.  From  theoretical  electrical 
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engineering  it  is  known  that  the  sane  change  in  the  current  and  its 
coaponent./ter a  occurs  in  the  circuit,  which  contains  L  and  r,  upon 
its  inclusion/connection  to  sine  voltage. 

In  the  practical  calculations  of  short-circuit  currents  accept 
forced  periodic  component/tera  of  short-circuit  current,  which  in 
this  case  is  the  steady  current,  to  call  periodic  coaponent/tera  of 
short-circuit  current  (or,  it  is  shorter,  by  periodic  current).  For 
it  usually  take  the  following  designations:  instantaneous  value  / 
aaplitude  value  />M,  effective  value  / 

The  effective  value  of  the  steady  short-circuit  current  is  in 
general  accept  to  designate  /w,  therefore  in  the  ex aained/ considered 
by  us  special  case  of  short  circuit 

Free  aperiodic  component/tera  of  short-circuit  current  is 
conventionally  designated  as  in  abbreviated  fora  aperiodic 
component /ter  m  of  short-circuit  current  (or  even  by  aperiodic 
current).  For  it  are  accepted  the  designations:  instantaneous  value 
initial  value  great  initial  value  /  . 

The  value  of  periodic  of  coaponent/tera  of  the  current  of 
three-phase  short  circuit  is  determined  by  voltage  on  the  busbars  of 
system  and  resisting  of  short  circuit. 
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Fig.  6-12.  Circuit  diagran,  which  feeds  from  the  system  of  the 
unlimited  power. 


Key:  (1)  .  System. 


Pig.  6-13.  curve  of  change  of  short-circuit  current  in  circuit,  which 
feeds  from  system  of  unlimited  power. 

Key:  (1).  N.  mod  e/conditions.  (2).  Transient  process.  (3).  steady 


conditions 
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Since  the  voltage  indicated  remains  constant/invariable  during  entire 
process  of  short  circuit,  than  constant/invariable  remains  the 
effective  value  of  periodic  coaponent/tera  of  short-circuit  current, 
determined  according  tc  the  law  of  the  ohn: 

(6-20 

where  U rp  -  a  voltage  on  the  busbars  of  feeding  systea,  kV; 

-  resulting  impedance  of  short  circuit,  led  to  (7cp.  ohm. 

In  settinqs  up  by  voltage  is  above  1000  V  usually 
therefore  periodic  component/tern  of  short-circuit  current  can  be 
determined  approximately  by  the  formula: 

(6-27) 

where  x -  resulting  iuductive  reactance  of  circuit,  led  to  u  ,  oha. 

The  sane  value  of  periodic  of  component/term  of  the  current  of 
three-phase  short  circuit  can  be  determined,  also,  through  resisting 
of  circuit  in  relative  unity.  Xf  we  from  formula  (6-22)  determine 
value  xfft  and  to  substitute  it  into  formula  (6-27)  ,  then  after 
simple  conversions  we  will  obtain: 


DOC  =  79134805 


PAGE 


where 


3^ 

ilJEL. 


Since  U.  —  U^,  then  ..  , 

'  c-r5-  <6  28) 

•p«» 

or  in  the  kiloam  peres 

/<»  =  /<»/,=  A.  (6-29) 

s. 

where  h  —  yfU'  ~  base  line  current,  determined  when  U  equal  to  "c, 
to  that  electrical  step/stage  for  which  is  designed  the  short-circuit 
current,  kA; 


x.s*,~  resulting  relative  base  line  resisting  of  short  circuit, 
calculated  at  base  line  power  accepted. 

If  periodic  component/term  must  be  determined  taking  into 
account  the  effective  resistance  of  circuit,  then  into  formula  (6-29) 
instead  of  x  one  should  substitute 

Prom  formula  (6-29)  it  is  evident  that  the  results  of 
computation  /'n31  do  not  depend  on  accepted  in  calculation  base  line 
power  S0,  since  with  its  change  directly  proportionally  change  both 


A 
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Aj-  and  However,  concerning  relative  values  of  periodic  of 

coaponent/tera,  determined  according  to  formula  (6-28),  then  its 
value  depends  on  the  base  line  power  accepted. 

let  us  pass  to  the  examination  by  aperiodic  by  coaponent/tera  of 
short-circuit  current.  It  was  above  indicated  that  in  the  circuits  of 
high  voltage  the  effective  resistance  were  small  and  virtually  they 
do  not  affect  the  value  of  periodic  of  component/tera  of  current. 
Therefore  in  the  majority  of  the  cases  value  by  periodic  by 
coaponent/term  is  determined  without  talcing  into  account  the 
effective  resistance  of  circuit  by  formulas  (6-27  and  6-29).  In  this 
case  it  is  possible  to  consider  that  periodic  coaponent/tera  of 
current  is  current  almost  purely  inductive. 

At  the  same  time  in  the  examination  by  aperiodic  by 
coaponent/term  of  short-circuit  current  it  one  cannot  fail  to 
consider  the  effective  resistance  of  circuit,  since  if  we  place  it 
equal  to  zero,  then  aperiodic  current  attenuate  will  not  be,  which 
will  distort  the  real  picture  of  a  change  in  the  short-circuit 
current.  Therefore  in  the  examination  of  change  in  the  tine  of 
aperiodic  current  the  effective  resistance  of  circuit  one  must  take 
into  account. 


Short  circuit  is  possible  at  any  moment  of  time  at  any 
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instantaneous  value  of  voltage,  la  circuits  with  purely  inductive 
reactance  (^=0),  but  approximately  also  in  circuits  with  relatively 
low  effective  resistance  heaviest  case  of  short  circuit  as 

this  will  be  shown  below,  is  short  circuit  at  moaent/torque,  when  the 
instantaneous  value  of  voltage  is  equal  to  zero.  Given  Fig.  6-13 
curves  gives  for  the  case  when  at  the  moment  of  short  circuit  the 
instantaneous  value  of  voltage  u  on  the  busbars  of  systea  was  equal 
to  zero,  and  the  current  of  load  had  instantaneous  value  / 

hO 

Page  86. 

If  periodic  com ponent/tecm  of  short-circuit  current  is  is 
approximately  considered  the  as  purely  inductive  current,  then  during 
short  circuit  at  the  moment  of  time  indicated  the  initial 
instantaneous  value  of  periodic  of  component /term  must  be  equal  to 
its  amplitude  value  in>0  =  /nM  (Fig.  6-13),  i.e.,  circuital  current  at 
the  moment  of  short  circuit  must  instantly  change  from  value  im0  (cut 
0a)  ,  to  value  Ium  (cut  Ofc). 

Respectively  must  change  the  magnetic  flux  of  circuit.  In 
actuality  in  the  circuit,  which  possesses  inductance,  it  cannot  occur 
an  instantaneous  change  in  the  magnetic  flux  and,  consequently,  also 
current,  since  with  a  change  of  the  magnetic  flux  in  circuit  is 
induced  emf,  which  calls  the  course  of  countercurrent  -  free 
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aperiodic  current.  As  a  result  of  imposition  of  both  components  at 
the  aoaent  of  short  circuit  the  circuital  current  does  not  change  and 
remains  equal  to  the  instantaneous  value  of  the  current  of  load  /h0. 

From  the  aforesaid  it  follows  that  the  initial  value  of 
aperiodic  of  coaponent/term  of  short-circuit  current  is  equal 

i  ,=  i»-/  .  (6-30) 

Further  aperiodic  component/term  attenuates  on  exponential  to 
the  law: 

i 

o«  *\  (6-31) 

where  Tt  -  constant  of  time  of  the  attenuation  of  aperiodic  of 
component/term. 


Time  constant  T.  is  determined  from  the  formula: 


T  _ i«.a _ 


(6-32) 


where  and  x ^  -  inductance  and  active  and  inductive 

reactances  of  the  short-circuited  circuit  (or  rtptt  and 


In  circuits  with  voltage  above  1000  v  with  relatively  low 
effective  resistance  average/mean  value  T%  is 

approximately/exemplarily  0.05  s;  therefore  the  duration  of  the 
attenuation  of  aperiodic  of  component/term  does  not  usually  exceed 
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0.2  s.  Xn  circuits  with  high  effective  resistance  aperiodic 
coaponent/tera  attenuates  aoce  rapidly. 

After  the  attenuation  of  aperiodic  of  coaponent/ten  concludes 
the  transient  process  of  short  circuit  and  begins  the  steady 
aode/conditions.  In  circuit  f lows/occurs/lasts  steady  current  / „,=/,. 
Frequently  it  the  designate  Jx. 

If  short  circuit  occurs  at  this  moment  of  tiae  when  the  initial 
instantaneous  value  of  periodic  of  coaponent/tera  of  current  proves 
to  be  equal  to  (with  u^O)  ,  i.e.,  i„0.  then  the  initial  value 

of  aperiodic  of  component/tera  proves  to  be  equal  to  zero  ii/_0  =  0  (at 
the  moment  of  short  circuit  circuital  current  it  does  not  change) ,  as 
a  result  of  which  aperiodic  coaponent/tera  in  short-circuit  current 
is  absent. 

But  if  t  j  short  closing  a  circuit  ran  idle  (/„  =  0)  and  short 
circuit  occurred  at  moaent/torgue  u=0,  then  *n<=0—  and  the  initial 
value  of  aperiodic  of  coaponent/tera  is  obtained  greatest: 
i, .  /  =  — /  .  This  condition  is  calculation,  since  in  this  case 

a  tssO  a.M  n.N 

short-circuit  current  iK  in  circuit  has  great  value. 

Examining  the  curve  of  short-circuit  current  (Fig.  6-13),  we  see 
that  through  half-period  (0.01  s)  the  instantaneous  value  of 
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short-circuit  current  attains  maximum  value,  which  is  called  impact 
short-circuit  current  and  designate  iy  (current,  which  generates  the 
greatest  mechanical  actions) . 

According  to  the  same  curves 

/  —  I  4-  i 

*jr  I  « 1-0.01' 

Let  us  determine  the  great  value  of  impact  current  under  design 
conditions  indicated  above. 


From  equation  (6-31) 


l 


i  j=o,oi  ' 


0,01 

r. 


At  the  moment  of  impact  current  (t=0. 01  s)  periodic  and 
aperiodic  component/term  have  identical  direction;  therefore  it  is 
possible  to  write: 


ly=/o.. 


0,01 


( 

-(*■ +‘~y‘ 


DM 
0.01 


Page  87. 


However,  since 


that 
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__  OJjl 

<y=0+*  r* )V‘iiu--=ky2ia. 

Value 

__  0.01 

*y  =  l+e  r“  (6-33) 

is  called  the  impact  coefficient  ot  short-circuit  current. 

Introducing  impact  coefficient,  finally  we  obtain: 

ly  —  k,/*fa‘  (6-34) 

Value  /  is  determined  from  formula  (6-27)  or  (6-29). 

Since  in  formula  (6.J4)  value  K2/n—  the  amplitude  of  periodic 
of  component/ter m  of  short-circuit  current,  then  impact  coefficient 
ky.  considers  the  participation  ot  aperiodic  of  component/ter*  in  the 
formation  of  impact  current. 

Let  us  det-ofmine  the  possible  limiting  values  of  impact 

X 

coefficient  since  T  then: 

if  circuit  it  possesses  only  inductive  reactance  (y^^O),  then 
T'=oo  and  ky=2,  aperiodic  coaponent/ter m  of  short-circuit  current  it 
does  not  attenuate; 

if  circuit  it  possesses  only  effective  resistance (^,  =  0),  then 


1 


a 


J 
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Tt  =  0  and  Ay=i,  aperiodic  component/tere  in  no  way  it  appears. 

Thus,  2>  Ay>  1. 

In  the  circuits  of  settings  up  by  voltage  is  above  1000  V  with 
predominant  inductive  reactance  a verage/mean  value  ^t%0,05  s  and 

ky  =  1 ,8,  with  this 

/y  =  1,8  J/2  la  =  2,55/n.  (6.35) 

(Hiring  the  calculation  of  short-circuit  current  taking  into 
account  the  effective  resistance  of  circuit  should  be  calculated  the 
value  of  impact  coefficient  in  formula  (6-33),  after  deteraining  the 
preliminarily  time  constant  of  circuit  by  formula  (6-32). 

_ r__ 

In  Fig.  6-14  are  given  curves  [6-11  of  dependence  e  '=/(*;  Tt), 
that  make  it  possible  tc  rapidly  determine  the  instantaneous  value  of 

I 

aperiodic  of  component /term  depending  on  T%  (value  e  * —a,  is 
called  the  attenuation  factor  of  aperiodic  of  coaponent/tera) .  On 
curved  t  =  0.01  s  it  is  possible  to  determine  value  aD<*  then 

impact  coefficient  in  formula  (6-32). 

During  estimates  of  impact  current  on  the  side  of  the  secondary 
voltage  of  the  transformers  whose  power  do  not  exceed  1000  k¥A  in 
each  of  the  in  parallel  working  transformers,  it  is  possible  to 
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accept  Ay  =  l.3. 

full/total/complete  short-circuit  current  during  transient 
process  is  not  sinusoidal  as  a  result  of  the  presence  aperiodic 
component/ter m.  Therefore  effective  value  full  current  for 
certain  momen t/torque  time  t  after  the  beginning  of  short  circuit 
defines  as  root-mean-square  current  during  the  period  (0.02  s) ,  in 
middle  of  which  is  located  the  moment /torque  of  time  t: 
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Fig.  6-14.  Curves  for  determining  the  attenuation  factor  of  aperiodic 
of  component/term  of  short-circuit  current. 

Pa  qe  88. 

The  effective  value  of  aperiodic  of  component/term  of 
short-circuit  current  during  a  period  approxiaately  can  be 


taken  as  the  equal  to  its  instantaneous  value  in  the  Biddle  of 
period,  i.e.,  by  considering  that  during  period  aperiodic 
coaponent/terw  does  not  change  and  has  value  »a(.  Then  foraula  (6-36) 
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can  be  rewritten  thus: 

(&-37) 

Using  latter/last  foraula,  let  us  detersine  effective  value  of 
full  of  short-circuit  current  for  first  period  after  the  onset  of  the 
short  circuit: 

ly  ”  +  ^j/saO.Ol  • 


Since  /.^oo,  —  (*y— iiy/?/,,.  then  after  conversions  we  obtain: 

‘y  “  /  r+i(*y-l)».  (6-3.S, 

With  the  impact  coefficient  *y  =  i,8 


and 


mm  1,52/, 


(6-30) 


The  great  value 
coefficient  *y  — 1.6. 


of 


h. 

7/  1.52/, 


relation  -t- — 

•  V 


—  1,68.  (6-40) 

1.73  is  obtained  with  iapact 


In  three-phase  circuit  at  the  moment  of  three-phase  short 
circuit  the  instantaneous  values  or  voltages  in  phases  are  different, 
in  consequence  of  which  different  the  initial  values  of  periodic  and 
aperiodic  of  component/tern  and,  consequently,  also  the 
fu  11/tota  1/complete  values  of  short-circuit  currents  in  phases.  If 
three-phase  short  circuit  occurred  at  moaent/torque,  when  in  one  of 
phases  ilf-0=/li(.  then  in  two  other  phases  /if  n  will  be  less 


* 
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Therefore  only  in  one  phase  impact  current  can  have  computed  value, 
determined  according  tc  formula  <6-34).  The  aforesaid  illustrate 
curves  to  Pig.  6-15,  led  for  the  case  when  to  short  closing  a  circuit 
was  not  loaded  (/„  —  0)  and  at  the  moment  of  short  circuit  the 
instantaneous  value  of  the  voltage  of  phase  A  was  equal  to  zero 

K  =  OJ¬ 
AS  can  be  seen  from  curves  in  Fig.  6-15,  the  amplitudes  of 
periodic  of  component/term  in  all  phases  are  identical,  since  their 
value  is  determined  by  voltage  Ucp  on  the  busbars  of  the  feeding 
system  and  resulting  resisting  of  short-circuited  circuit  x 
Aperiodic  component/tern  in  phases  are  different,  since  their  values 
depend  on  the  moment /torque  of  short  circuit,  i.e.,  from  value 

Impact  currents  in  phases  not  are  only  different  by  value,  but 
they  do  not  coincide  also  in  time. 


1 

I 
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when  selecting  of  switches  according  to  the  disconnecting 
ability  they  use  also  the  anount  of  the  power  of  short  circuit, 
determined  by  usual  expression  for  the  three-phase  power: 

S^VZUJ,.  (Ml) 

where  Ucp  -  medium  nominal  voltage  of  that  electrical  step/stage,  for 
which  is  calculated  current  Ja. 

The  power  of  short  circuit  is  the  value  of  conditional,  since 
during  its  determination  they  accept  the  medium  nominal  voltage  of 
the  step/stage  of  short  circuit. 


If  left  and  the  right  side  of  formula  (6-29)  are  multiplied  on 
and  UC(t,  then  we  will  ootain  (assuming/setting  U6  ~  (7cp): 


(6-42) 


Example  of  6-3.  To  calculate  impact  and  steady  currents  and 
power  of  short  circuit  at  the  points,  indicated  on  network  in  Pig. 
6- 16a,  where  are  given  all  data,  necessary  for  calculation.  The 
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cables  of  line  6  kv,  feeding  distribution  point  BP,  work  in  parallel. 
The  effective  resistance  of  cables  6  kv  oust  be  taken  into 
consideration. 

Since  short-circuit  currents  are  deterained  only  during 
three-phase  short  circuit,  the  index  (3)  for  sinplif ication  in  the 
recordings  it  is  oaitted. 

Let  us  fulfill  calculations  in  two  versions,  expressing  ohnages 
and  relative  unity. 

Version  1.  All  resisting  we  express  in  ohms  with  the  nediun 
voltage  of  that  step/stage,  on  which  occurred  certain 
closini/shorting. 

Short-circuit  current,  which  flows  into  point  K-1.  In  this  case 
ua’mUcftmm  115  kv  resisting  of  circuit  to  the  point  of  the  short 

circuit  K-1  is  equal  to  resisting  of  air  electric  power  line,  i.e. 

o> 

*p«»  k-i  ••  *i  “  h  o  70-0,4  —  28  04, 

Key :  ( 1)  .  ohm . 


According  to  formula  (6-27): 
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Key :  ( 1)  .  k  A. 


1  ,  "cp.  1,8  ,  l‘> 

•»  ks  yjXpttKi 


Impact  current  according  to  formula  (6-35): 

‘jKi  -  '•8V/'5'/,*.,-2.55.2>4*!!6  kI 


Key:  (1)  .  k A. 


Power  of  short  circuit  according  to  formula  (6-41): 

-p3. 1 15- 2. 4  =  480  Mta. 


Key:  (1).  NVA. 

Replacement  scheme  for  the  calculation  of  short-circuit  currents 
at  the  secondary  voltage  of  substation  (at  points  K-2,  K-3  and  K-4) 
is  given  in  Pig.  6-1 6b.  He  compute  ohmages  of  all  elements/cells  of 
replacement  scheme  with  voltage  •“ ^cp *  — 6-3  k?. 


Resisting  of  air  electric  power  line,  led  to  voltage  ucrf 

•  y?pJ  6,3*  HI 

*t  -  *i  ~7Ji —  -  M  as  0.08  om. 

“ep  I  • 


Key:  (1).  ohm. 


Resisting  of  transformer  we  determine,  being  guided  by  formula 
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Key:  (1) .  ohm. 


-fgp- 

10.6  6.3*  </; 

W-  "ir  °*M  0M- 


Resisting  of  reactor  we  determine,  being  guided  formula  (6-4) 
accepting 


*  P.HOX 


Key  :  ( 1)  .  ohm. 


Inductive  reactance  of  cable  we  accept  from  calculation  0.08 
Q/km  (see  §6-3): 

tn 

*'~x,  -.0.08. 2,5- 0.2  0* 

Key:  (1)  .  ohm. 


The  effective  resistance  of  cable  according  to  formula  (6-15) 


•% 


I  I  000  2,51  000 

1* 


-0.67  OMm 


Key:  (1)  .  ohm 
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Fig.  6-16.  Network  (a)  and  replacement  scheie  (b)  for  exaaple  of  6-3. 

Key:  (1).  System.  (2).  Overhead  electric  power  line.  (3).  Q/ka.  (4 ) . 
kV.  (5).  MVA.  (6).  working  substation.  (7).  Cable  with  copper 
veins /strands. 
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Short-circuit  current,  which  flows  into  point  K-2.  Resulting 
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resistance  of  the  circuit 


Key :  ( 1)  .  oh*. 


*pca  K-2  * 


x  +~ 


0.28 

’  0,08  -J - r—  5=0,17 


0> 

OM. 


Then: 


in  K-2  “*  /00  A'** 


.  "cP? 

iaoK-2  i/  o"  **" 


7^717  ^ 21  *a' 


^  3  -V-J  K-2 
ty  K-2  2,55-21  ss;54  #co;  (£/ 

J/3-6.3.21  23Q  M»a.  n> 


Key:  (1)  .  kA  .  (2)  .  HVA. 

Short-circuit  current,  whicn  flows  in  K-3.  Resulting  resisting 
of  the  circuit 

*pe*  K-3  “*  *pc»  K-2  +  *»  =  0, 17  -f-  0,48  =  0,65  om. 

Key:  (1)  .  ohra. 


Then : 


,  .  M  ..  <" 

»  "  '»  *">  "  73-0; 65  ^  5,6  * 

2.55-5,6  ss  )4  *ra,  <£' 

S^-=736-3-5.6=s:61  AUa.lxl 


Key:  (1).  kA.  (2).  HVA. 

Short-circuit  current,  which  flows  into  point  K-4.  Resulting 
resisting  of  circuit  we  determine  taking  into  account  active  and 
inductive  reactance  of  the  cables: 
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•5*j  *-<  ■ 


x.  0.2  Ot 

*0 ..Xi  +-r- 0.65  + -5—0.75  a* 


_  %  0,67 

rp*j  ™  2  “  2 


0.34 


a> 

OM. 


Key:  (1) .  ohm. 

In  this  case  °-fT75>4- .  therefore  the  effective  resistance 

xft>K-4  u*'“  3 

of  cables  must  be  taken  into  consideration. 

*p*»  f  pe-  K-4  +  *pe*  K-4  “ 

„yr0.34,+  0.75*  =  0.82  om!'} 

Key :  ( 1)  .  ohm . 


Short-circuit  current 


K-4' 


.  /  ...  Uqp 

°°K4~  /3 


6,3 

3-0,62 


Zpes  K-4 

4,4  Ka.  O) 


Key:  (1)  .  kA. 


Me  determine  the  time  constant  of  circuit  by  formula  (6-32) 


*prl  K-t 


0.75 


On  curve  on  Fig,  6-14  Me  find  «(=To.oi  *■»  0,25. 
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Impact  coefficient  *y  ~  1 +0.25  1,25. 

Impact  current  ‘y  *-«  *=  *y  y'2 /„  1.25  /F-4, *  =s  7,8  k A. 

Power  of  the  short  circuit 

^A**"  K3-6*3-l.4=ft«  Mta. 

Key:  (1)  .  MVA. 

Version  2.  All  resisting  we  express  in  relative  units. 
Full/total/complete  replaceaent  scheme  is  given  in  Fig.  6- 16c.  W4 
accept  base  line  power  s6  =  100  MV  A  and  we  lead  to  it  all  relative 
resisting  of  replacement  scheme. 


Relative  base  line  inductive  reactance  of  electric  power  line 
according  to  formula  (6-21) 


S0  too 

*•-*•*•-*,73 - 0,4-70.  w- 0.21; 


the  same  of  transformer  according  to  formula  (6-19) 

^  J  g  ■*  Xmj  Q  ™ 

°T.NOI« 

•  _  10.5  100 

“WIs — °’7- 


the  same  of  reactor  according  to  formula  (6-20) 
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39.3 


where 


*•  p-mo* 


4  9,2 

I®'  513“ 


1.22. 


Ke  y :  ( 1 )  .  k  A. 


r _ £«  «<»  0> 

Ta^r**9,2  “• 


Inductive  reactance  of  cable  we  accept  from  calculation  0.08 

0/km  (see  §6-3).  Relative  base  line  inductive  reactance  of  the  cable 

100 

0,08.2,5  g-jr-  -  0,5. 

The  effective  resistance  of  cable  according  to  foraula  (6-15): 


1 1  000  2,5-1000 


'**6 


T* 


53-70 


/.) 

“0,674  o*. 


Key:  ( 1)  .  ohm  . 


Relative  base  line  effective  resistance  of  the  cable 

r,  =  rf-  0.674-JH.-.|.7. 

Short-circuit  current,  which  flows  into  point  K-1.  lie  accept 
t/gd'15  kV,  then 

S6  100  fn 

/fl  “  7W^~  TTnT" 0,5  Ka- 


Key :  ( 1)  .  k A. 


In  this  case 


K-l  “  *i  “  0,21. 


According  to  formula  (6-29): 
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'•  0.5 


4  tea. 


Key:  ( 1)  .  kk. 

Impact  current  according  to  formula  (6-35): 

tea. 

Ke y :  ( 1 )  .  kk. 

Power  of  short  circuit  according  to  formula  (6-42) 

s«  - 


SJM  "*  ~i - “ —  OI  ^  4 SO  Alta. 


Key:  (1).  NVA. 


Page  91. 


Short-circuit  current,  which  flows  into  point  K-2.  He  accept 
fcv;  then 


too 


K3-0.3  ^9’2*° 


M 


Key :  ( 1)  .  kA. 


Resulting  resisting  of  the  circuit 


r»o«j  K  t  “  +  X  “0.2|  +  —  ^0,44. 
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Key : 


Key : 
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Then: 

~  A  -i oTTi  “*  ^  *  Kai /l> 

2,55-21  =.  54  ica;(j) 

~  100 

**-»“ 0744==  230  Maa.tl) 

(1)  .  kA.  (2)  .  MVA. 

Short-circuit  current,  which  flows  into  point  K-3.  In  this  case 

^8  =  6.3  tea  h  /a  =_  9,2  kS? 


(1)  .  and.  (2)  .  kA. 


Resulting  resisting  of  the  circuit 

“  x»p ta/c-i  +  ■*»*=  0.44  -J-  1 ,22  =  1,66. 


Then : 


1  ,  9,2  //> 

'bk-i  — '« ^^“TTbiJ^5.6  *<*: 

ly  K-i  =  2,55-5,6^;  14  tea- 

_  100  (X> 


(1)  .  kA.  (2)  .  MVA. 


short-circuit  current,  which  flows  into  point  K-4. 

n  ;  <"  <*> 

t/«“6'3  Kl  H  /„  «  9,2  *<J. 


( 1)  .  and  .  (2)  .  kA. 


Resulting  resisting  of  the  circuit: 
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In  this  case  ■£-**  therefore  the  effective  resistance  of 

cables  must  be  taken  into  consideration. 

*•  ki  -  V  ®^6‘  +  *.»•*  -  2.». 


Short-circuit  current 


/ 


«  K-4 


'oo  K-4 


U  9.2 
**p .h  "TJ-4-* 


(n 

Ka. 


Key:  (1)  .  kA. 


We  determine  the  tine  constant  of  circuit  by  formula  (6-32) 


-  p»»  _ - 

•  ™  3Ur.  ~3I4  0.85  “°-0°7- 


1.91 


>pe> 


On  curve  on  Fig.  6-14  we  find  °f=o.oi  •=  0.25. 


Impact  coefficient  *y  =  I +0.2S  —  1.25. 


Impact  current  iy )^2 /bA;.«=-  1,25 j/T-Mss  kV. 


Power  of  the  short  circuit 
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Key:  (1).  MV  A. 


.  100  . 

Mta, 


As  one  would  expect,  calculation  by  both  aethods  gives 
completely  identical  results. 


From  the  comparison  of  the  values  of  currents  and  power  during 
short  circuits  at  points  K -2  and  K-3  evidently,  how  sharply  reactor 
on  line  decreases  current  and  power  of  short  circuit. 


Calculation  under  the  condition  of  the  unlimited  power  of  the 
feeding  system  makes  it  possible  to  determine  the  limiting  possible 
values  of  short-circuit  currents  in  this  setting  up,  which  is 
especially  important,  if  uot  precise  indications  about  further 
development  of  system.  The  selection  of  electrical  equipment  in  terns 
of  these  values  of  short-circuit  currents  gives  guarantee  in  the  fact 
that  during  any  development  ot  system  the  designed  setting  up  it  is 
not  necessary  to  re-equip,  since  at  any  power  of  system  the  actual 
values  of  short-circuit  currents  in  setting  up  will  be  less  than 
calcu  lations. 


The  aforesaid  can  be  explained  based  on  the  example  of  diagram 
in  Fig.  6-16.  For  exanpie,  short-circuit  current  at  point  K- 1  can  be 
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more  than  calculated  only  during  the  construction  of  the  second 
parallel  feeding  line,  short-circuit  current  at  point  K-2  can  exceed 
calculation  only  during  setting  up  on  the  substation  of  the 
supplementar y  in  parallel  connected  transforaers  or  during  the 
replacement  of  those  established/installed  aore  power ful/t hick. 

In  the  practice  of  dasign  and  operation  frequently  it  is  to 
necessary  rapidly  calculate  maximally  possible  short-circuit  current 
after  any  network  eleaent  -  by  power  transformer,  reactor,  etc.  in 
this  case  they  enter  as  follows. 

Let  us  assume  resistive  of  xo/o  for  which  ai.e  known  its  rating 
factors  S  /  , u  Let  us  agree  that  during  short  circuit  at  point 

k  (Fig.  6-17)  the  voltage  before  resisting  (from  feeding  side) 
remains  constant/invariable  and  egual  to  the  nominal  voltage  of 
resisting  (condition  t  f  teed  from  the  system  of  unlimited  power) . 

- (— Z 

X* 

f mealy 


Pig.  6-17.  Diagram  to  the  determination  of  the  maximum  value  of 
short-circuit  current. 
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Then  it  is  possible  to  write 

K  _ loo 

/  BOJ1  x% 

(with  course  through  the  tesistor/resistance  of  current  lKO*  a  voltage 
drop  in  it  coaprises  *'/«•  and  with  the  course  of  current  1*  a  voltage 
drop  composes  lOOo/o). 


From 


latter/last  expression 

i  =i  IS? 

*  now  xy,  • 


we  obtain: 

(6-43) 


Value  100/xo/o  is  called  the  greatest  multiplicity  of 
short-circuit  current. 


Multiplying  left  and  the  right  side  of  foraula  (6-43)  on  y'  3  U 
(under  condition  Vuoti  =  Utll),  ve  obtain: 


S  =S  152 


(6-44) 


In  connection  with  power  transformer  this  foraula  takes  the 


form: 


(6-45) 
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and 


1  = 


yju, 


cp2 


(6-46) 


where  ^CP2  -  medium  noainal  voltage  of  the  step/stage  of  the  secondary 
side  of  transformer. 


In  the  case  of  reactor  when  U^Myl=U cp  foraula  (6-43)  takes  the 

form: 


/  =/  J“ 

«  P-aox  Xf“/t 


(6-47) 


Values  iy  and  ly  determine  from  the  previously  brought-out 
formulas. 


For  the  air  and  cable  lines  whose  resistor/resistance  is  usually 
known  in  ohms,  •  to  more  conveniently  use  the  following  foraulas: 


or,  when  ra  =  0. 


(6-48) 


/  _  U" 
V*xM 


(6-49) 


Example  of  6-4.  To  deteraine  maximally  possible  current  and 
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power  of  short  circuit  on  the  secondary  side  of  the  transformer  in 
power  1800  kVA  of  its  own  needs  of  station.  Iapedance  voltage  ««*=»*/•; 
the  primary  voltage  of  the  transforaer  of  6.3  kv,  and  secondary  of 
3.  15  kV. 


Power  of  the  short  circuit 


too  O'* 

1,8-g-  =s23.iW»<». 


Key:  (1).  MV  A. 


Short-circuit  current 


23 


V"3Ucp“l  3  3.15 


i  « 2.55-4,2 %  II 


(i) 

=s  4.2  ko. 

& 

KO. 


Key:  { 1)  .  kA. 


In  conclusion  let  us  pause  at  the  determination  of  voltages  at 
different  points  of  network/grid  during  short  circuits.  Daring 
three-phase  short  circuit  the  voltage  in  the  place  of  short  circuit 
is  equal  to  zero.  Voltage  at  any  point  of  network/grid,  distant  froe 
the  place  of  short  circuit  to  resistor/resistance  of  is 
nuaerically  equal  to  a  voltage  drop  across  this  resistor/resistance 
with  the  course  on  it  of  the  current  of  the  three-phase  short 
circuit: 

i/„=K  3/.JC.  (6-50) 
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utilizing  a  system  of  relative  unity,  it  is  possible  to  write: 


or 


*V/.=O.l00 

and  further  in  the  kilovolts; 

U 


U. 

CP  *K  •  Cp 


(6-51) 


(6-52) 


In  formulas  (6.51)  and  (6-52)  71*’  and  jc,  compulsorily  they  east 


be  calculated  under  one  and  the  same  base  line  conditions. 


Example  of  6-5.  Utilizing  results  of  the  calculation  of  exaeple 
of  6-3  (Fig.  6-16),  to  determine  voltage  on  the  busbars  of  the 
primary  side  of  substation  during  establishing  mode/conditions  of 
short  circuit  at  point  K-3. 

In  an  example  indicated  is  determined  x->“5-6  kA. 

Ohmage  from  the  point  of  short  circuit  to  the  busbars  of  the 
primary  side  of  the  sutstation  (see  Fig.  6.16b)  composes 

M,  ,  0,28  .  0) 

x  —  -§■  +*,  —  — y—  +0,48  as  0,57  om. 

Key:  (1)  .  ohm . 


The  voltage  drop  across  this  section,  in  reference  to  the 
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step/stage  of  voltage  k¥#  Mill  compose 

^3-5,6.0,57  =2 5.5  k). 

Key:  (1).  kV. 

Page  9  3. 


Voltage  on  the  busbars  of  the  primary  side  of  the  substation 

ut„ ,  .  .  ns  ....  o) 


•  U «  (IIS)  —  y«  (6.J)  t/e„  !  “  5,5  4 


15  6) 

73=  100  *'• 


Key:  (1)  .  kV. 


or  in  percentages  of  uCf-i  “* 115  kV 

u 


(us)  100 

'''~~K7T  ,00“J75  ioo^8'/%. 


Let  us  determine  the  same  voltage,  by  utilizing  a  system  of 
relative  unity. 


Relative  value  of  short-circuit  current,  which  flows  into  point 


K-3: 


or  otherwise 


,  ^co  K-1  5,6 

'•»*.»“  /  “y^=s0,60, 


Relative  base  line  resistor/resistance  of  section  from  K-3  to 
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the  busbars  of  the  substation 

_ ■*»  .  0.7 

*•  2  =  ~3 — •“  •  .22  ^  1 .45. 

Voltage  on  the  busbars  of  substation  according  to  foraula 
(6.52)  : 

(IIS)  =  K-3X*U cp  i  =  0,60- 1,45- 1 15  =ss  100  *«, 

Key:  (1).  kV. 

or  in  percentages  of 

UU*A  —  /.a,  K_J*.I00  —  0.60. 1 .45- 100  =s  87%. 

6.6.  Short  circuit  in  the  circuit,  which  feeds  from  generators 
without  automatic  field  regulators. 

A  change  in  the  short-circuit  current  and  by  its  periodic 

‘n  and  aperiodic  of  the  components  during  short  circuit  in  the 

circuit,  which  feeds  from  generator  without  automatic  field  control, 
it  is  shown  in  Fig.  6- tti.  short  circuit  is  assumed  at  the 
moment /torque  when  emf  of  generator  is  equal  to  zero.  As  earlier, 
accept  that  the  effective  resistance  of  the  short-circuited  circuit 
is  small  in  comparison  with  its  inductive  reactance. 

As  a  result  of  the  absence  of  automatic  field  regulator  the 
currant  and  the  maqnetic  flux  of  excitation  in  the  process  of  short 
circuit  remain  constant/invariable. 
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Without  submerging  in  the  part  of  the  process  of  the  sudden 
short  circuit  of  alternator,  exaained/considered  in  course 
"electrical  machines"  f 6-2  J,  let  us  recall  the  here  only 
fundamental  reasons,  which  cause  a  change  in  the  time  of 
component/term  and,  consequently,  also  full  of  short-circuit  current. 

In  the  relation  to  tne  reason  for  the  onset,  character  of 
attenuation  and  conditions,  which  are  determining  the  value  of 
aperiodic  of  component/term,  everything  said  in  §6-5  completely 
remains  valid  and  for  the  present  case  of  short  circuit. 

A  fundamental  difference  in  the  case  of  short  circuit  in 
question  from  short  circuit  with  the  feed  of  circuit  from  the  source 
of  the  unlimited  power  consists  in  the  inconstancy  of  amplitudes  by 
periodic  by  component/te rm ,  gradually  changing  from  greatest  initial 
value  j"  to  smallest  steady  value  This  amplitude  reduction,  and 

therefore,  also  the  effective  values  of  periodic  of  component/term  of 
current  is  caused  by  decrease  in  the  process  of  the  short  circuit  of 
emf  of  the  stator  of  generator  as  a  result  of  a  gradual  increase  in 
the  bach  induction  of  the  reaction  of  stator,  i.e.,  the  decrease  of 
the  resulting  air-gap  flux  of  generator. 
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The  periodic  current  *„•  lagging  on  phase  behind  eif  of 
generator  to  angle,  close  to  90°,  creates  the  Magnetic  flux  of  stator 
(Fig.  6-19),  directed  contrariiy  toward  the  nagnetic  flux  of 
excitation  ***»  of  generator,  i.e.,  the  magnetic  flux,  which  is  the 
longitudinal  flow  of  the  reaction  of  stator.  However,  since 
excitation  winding  possesses  inductance,  then  engaged  with  it 
magnetic  flux  4*.  cannot  instantly  change,  consequently,  at  the  first 
moment  of  short  circuit  tne  magnetic  flux,  engaged  with  excitation 
winding,  must  remain  constant/invariable. 
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Fiq-  6-18.  Curve  of  a  change  of  the  short-circuit  current  in  the 
circuit,  which  feeds  fro*  generator  without  automatic  field 
regulator . 

Key:  (1).  N.  mode/conditions.  U) .  Transient  process.  (3).  Adjust, 
mode/conditions. 

Page  94. 

But  this  is  possible  only  in  such  a  case,  whereas  when  in  excitation 
winding  at  the  first  moment  of  short  circuit  appears  supplementary, 
so-called  free  aperiodic  current  having  the  same  direction,  as 

the  field  current  /,  of  generator,  and  supplementary  free  flow 
created  equal  in  magnitude  and  opposite  in  the  direction  to  the 
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longitudinal  magnetic  flux  of  stator  (^c» =  ~ ®«t)-  This  free  aagnetic 
flux  of  rotor  displaces  the  flow  of  stator  on  the  way  of  scattering 
the  rotor  winding,  as  a  result  of  which  the  aagnetic  flux,  engaged 
with  excitation  winding,  reaains  constant/invariable. 
Constant/invariable  remains  eaf  of  generator. 

Pree  currents  are  induced  also  in  damping  windings  of  rotor  (in 
the  presence  their)  and  in  its  steel  mass  (flank  of  rotor),  which 
also  create  some  sup pleaentary  free  magnetic  fluxes,  directed  against 
the  flow  of  stator.  Therefore  in  actuality  the  longitudinal  flow  of 
stator  is  displaced  on  the  way  of  scattering  the  rotor  as  a  result  of 
the  combined  action  of  the  free  magnetic  fluxes,  created  with  free 
coil  currents  of  excitation,  damper  windings  and  steel  mass  of  rotor. 

Since  excitation  winding,  damping  windings  and  steel  mass  of 
rotor  possess  effective  resistance,  then  induced  in  them  at  the  first 
moment/torque  free  currents  attenuate  (on  exponential  curves)  and  is 
more  rapid,  the  lower  the  tiae  constant  L/r  of  corresponding  circuit 
(tCB  in  Fig.  6-20).  with  tne  attenuation  of  these  free  currents 
decrease  the  created  by  them  free  magnetic  fluxes.  As  a  result  this 
flow  of  stator  it  gradually  penetrates  the  outlines  of  rotor 
windings,  the  resulting  air-gap  flux  of  machine  decreases,  that  also 
leads  to  the  decrease  of  eaf  of  stator  and  periodic  coaponent/tera  of 
the  current  of  short  circuiting.  At  the  aoaent  of  the  disappearance 


L 
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of  free  circuital  currents  of  excitation  ceases  a  change  in  enf  of 
generator  and  by  periodic  coaponent/term  of  current  -  begins  the 
steady  node/conditions  of  short  circuit. 

Thus,  the  duration  of  the  transient  process  of  short  circuit  is 
determined  by  the  duration  of  a  change  in  periodic  in  coaponent/tera 
of  short-circuit  current,  which  in  turn,  is  determined  by  the  tiae  of 
delay  of  free  currents  in  rotor  windings.  During  short  circuit  on  the 
terminals/grippers  of  generator  the  decay  tiae  by  the  periodic 
component/term,  and  thereby  also  transient  period  of  short  circuit  is 
approxiraately/exemplarily  3-5  s. 

In  Fig.  6-20  it  is  shown  that  free  current  lc,  into  winding  of 
the  excitation  of  generator  changes  on  an  exponential  curve  fron 
initial  value  «c,t-o  to  zero. 

The  aperiodic  coil  currents  of  the  stator  create  notionless  in 
space  maqnetic  flux.  During  the  rotation  of  rotor  the  excitation 
winding  intersects  the  Motionless  flow  of  stator  indicated;  therefore 
in  it  is  induced  alternating  current,  which  is  superimposed  on  the 


free  current  of  constant  direction 
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Fig.  6-19.  Three-phase  short  circuit  of  generator. 

Key:  (1).  Driver.  Rotor  Minding.  (2).  Minding  of  stator.  (3).  Rotor. 
(4)  .  Stator. 

Fig.  6-20.  Curve  of  change  of  coil  current  of  excitation  during  short 
circuiting  of  generator  Mithout  automatic  field  regulator. 

Key:  (1).  Beginning  of  the  crusts,  of  closing/shorting.  (2).  Began  of 
establishment  mode. 

Page  95, 


As  a  result  of  this  occurs  the  indicated  in  Fig.  6-20  pulsation  of 
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coil  current  of  excitation  whose  duration  is  determined  by  the  time 
of  delay  of  aperiodic  armature  currents  (pain  0.2  s) . 

The  instantaneous  value  of  the  periodic  component/term  for  the 
arbitrary  moment  of  time  by  us  is  marked  *„•  The  effective  value  of 
periodic  of  component/term  Kt  for  any  moment/torque  of  time  t 
conditionally  take  as  the  equal  to  its  effective  value  during  the 
period  into  the  middle  of  which  is  located  moment/torque  t  (accepting 
that  for  the  duration  of  one  period  periodic  component/term  little 
differs  from  sinusoid) .  Corresponding  to  this  moment/torque  amplitude 
by  periodic  component/term  is  found  through  curved,  which 

envelopes  amplitudes  periodic  component/term  (dotted  curves  in  Fig. 
6-18).  Thus,  the  effective  value  of  the  periodic  of  componentAerm 
for  the  arbitrary  moment/torque  of  the  time 

I  —  !  n.Mf 

— Va  • 

During  short  circuit  at  moment/torque  e=0  initial  instantaneous 
value  by  periodic  component/term  i"  will  be  maximum  (/„)•  Disregarding 
the  attenuation  of  the  periodic  components  during  the  first  period 
after  the  onset  of  short  circuit,  it  is  possible  to  consider  that 
/"  will  he  the  amplitude  of  periodic  of  component/term  during  the 
period  indicated. 


The  actual  value  of  periodic  of  component/term  during  the  first 
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period  after  the  onset  of  short  circuit,  or  as  it  usually  call, 
initial  ultratransitor y  short-circuit  current. 


/"  = 


During  three-phase  short  circuit  this  current  can  be  calculated 
according  to  the  foraula: 


»'•  (3) _ 

Vi  {X'J  +XU)  ’ 


(6-53) 


where  E"  -  ultratransitor/  eaf  of  the  generator;  x"d 

ultratransitory  inductive  reactance  of  generator  (inductive  reactance 
for  an  initial  moment  of  short  circuit);  -  external  inductive 

reactance  of  short  circuit  (froa  the  ter ainals/grippers  of  generator 
to  the  place  of  short  circuit). 


Ultratransitory  emf  E"  and  ultratransitory  inductive  reactance 
x'd  are  the  parameters  of  generator,  which  characterize  generator  at 
the  moaent  of  disruption  of  its  aode/conditions  [6-2]. 

By  index  "(double  priae)  note  the  values,  which  relate  to  the 
ultratransitory  mode/conditions  of  short  circuit,  i.e.,  to  that 
initial  period  of  short  circuit  when  occur  free  currents  in  daaper 
windings  and  steel  nass  cf  rotor.  After  the  attenuation  of  these 
currents  begins  the  transient  aode/conditions  of  short  circuit,  which 
converts  into  that  being  steady  after  the  attenuation  of  free  coil 
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current  of  the  excitation  of  generator. 

Oltratransitory  eaf  of  generator  E"  can  be  approximately 
determined  by  the  formula: 

Pt-Umm+VS‘lmmx0diluf*iU/'lf  (6-54) 

where  Umm=.Uc  -  nominal  voltage  of  the  generator,  taken  equal  to  the 
medium  voltage  of  the  corresponding  step/stage  (see  §6-3)  ;  -  the 

rated  current  of  the  generator;  k  -  proportionality  factor  whose 
values  are  shown  below. 

In  all  cases  of  computing  the  short-circuit  currents  from 
turbogenerators,  diverse  generators  and  also  hydraulic  generators 
when  je.p,‘c>1  one  should  to  accept  k*1,  i.e.f  count  E"^  Urn.  During 
the  computation  of  short-circuit  currents  from  hydraulic  generators 
when  th9  values  cf  coefficient  of  k  should  be  taken  according 

to  data  of  Table  6-1  [  6-3]. 
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"^able  6-1.  Values  of  coefficieut  of  k  for  hydraulic  generators. 
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Key:  (1).  Type  of  hydraulic  generator.  (2).  Values  of  coefficient  of 
k  with  different  values  of  calculated  resistor/resistance.  (3). 
Without  damper  winding.  (4).  with  damper  winding. 
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If  we  substitute  condition  (6.54)  into  foraula  (6-53),  then  we 
will  obtain  the  approximation  formula  for  computing  the  initial 
ultra  transitory  current  of  three-phase  short  circuit,  analogous  to 
formula  (6-27) : 


_  kUc, _ 

Vt  (*a  +  *„„) 


3- 

V~?xl 


(6-55) 


After  multiplying  left  and  the  right  side  of  fornula  (6-55)  on 
Y 3  Ucp,  we  will  obtain  calculated  expression  for  determining  the 
ultratransitory  power  of  the  short  circuit: 

_ 

CP  X  * 

*Ptl 


(6-56) 
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After  expressing  all  values  in  relative  unity  under  base  line 
conditions  and  after  fulfilling  the  sane  transformations  as  during 
the  derivation  of  formulas  (6-28)  and  (6-29) ,  we  will  obtain: 


(6-57) 


and 


r<»>  =  JL_/a.  (6-58) 

x*pe» 


Analogously  is  determined  the  ultratransitory  power  of  the  short 
circuit : 


S"  = 


5*- 


(6-59) 


Impact  current  and  effective  value  of  full  of  short-circuit 
current  during  the  first  period  determine  by  those  brought  out  in 
§6-5  to  formulas  (6-34)  and  (6-38),  replacing  in  them  lm  on  l"s 

lr=ky2l"-,  (6-60) 

/y  =  /"j/,4-2(*y-l)*.  (6-61) 

During  short  circuit  on  the  busbars,  supplied  directly  from 
powerful/thick  generators,  should  be  accepted  impact  coefficient 
=  1.9;  then 

1,91/57"  =  2,7  r.  (6-62a) 

In  all  remaining  cases  of  short  circuits  in  installations  by 
voltage  it  is  higher  than  1000  v,  when  is  not  considered  the 
effective  resistance  of  network  elements,  one  should  accept  A,  *1.8 
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and 

1,8  /2  / "  =  2,55/".  (6-624) 

Iapact  coefficient  upon  consideration  of  effective  resistance  is 
determined  in  accordance  with  by  indications  §6-5. 

Effective  value  of  full  of  short-circuit  current  for  the 
arbitrary  moment  of  tine  taking  into  account  the  aperiodic 
coaponent/ter a  is  determined  from  formula  (6-37)  . 

With  an  increase  in  the  electrical  distance  of  the  place  of 
damage  the  short-circuit  current  decreases  and  short  circuit  all  to  a 
lesser  degree  manifests  itself  the  work  of  generators. 

The  distant  point  of  short  circuit  conditionally  is  called  such 
place  in  electrical  circuit,  during  short  circuit  in  which  the 
current  in  the  generators  of  station  changes  so  insignificantly  that 
it  is  possible  to  disregard  a  change  in  eaf  of  generators  and  to 
consider  voltage  on  their  terninals/grippers  constant/invariable  and 
equal  to  normal  (to  aediua  noainal  voltage  of  step/stage)  . 

Therefore,  during  short  circuit  at  the  distant  point  they 
consider  that  periodic  coaponent/tera  of  current  does  not  change  and 
with  the  first  aoaent/torgue  of  short  circuit  takes  its  steady  value 
It  is  obvious  that  in  this  case  the  character  of  a  change 
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of  the  circuital  current  will  be  the  same  as  in  the  installation, 
which  feeds  from  the  source  of  the  unlimited  power  (see  Pig.  6-13). 

Aperiodic  component/term  appears  with  any  distance  of  the  place 
of  short  circuit  fro  a  generators,  since  the  circuit  possesses 
inductive  reactance. 

The  virtually  distant  points  of  short  circuit  it  is  possible  to 
consider  all  points  for  which  3. 

Sho rt-circuit  current  at  the  distant  point  can  be  determined  by 
using  the  formulas,  given  in  §6-5. 

6-7.  short  circuit  in  the  circuit,  which  feeds  from  generators  with 
automatic  field  regulators. 

At  present  the  generators  of  power  plants,  as  a  rule,  supply 
with  automatic  field  regulators.  These  regulators  are  intended  for 
aaintaining  the  assigned  voltage  of  the  generator  by  an  automatic 
change  in  their  field  current  with  all  divergences  of  variable 
voltage  (for  greater  detail,  see  chapter  22).  During  short  circuits 
load  voltage  of  generator  decreases  and  automatic  regulator  increases 


its  field  current. 


DOC  =  79134806 


PACE 


Page  97. 

However,  since  autoaatic  regulators  possess  certain  proper  tiae  of 
action,  then  even  with  considerable  a  decrease  in  the  voltage  froa 
the  terainals/grippers  of  generator  regulator  coaes  in  action  with 
certain  retardation,  generally  speaking  in  very  saall  for 
conteaporary  automatic  devices/eguipment .  Furthermore,  and  the 
considerable  inductance  of  the  excitation  winding  of  generator  leads 
to  the  delay  of  a  change  in  the  field  current.  As  a  result  of  entire 
this  action  of  automatic  field  regulator  in  practice  begins  to 
manifest  itself  only  after  certain  time  after  short  circuiting.  Froa 
the  aforesaid  it  is  possible  to  draw  the  conclusion  that  the 
automatic  fiell  regulators  of  generators  do  not  affect  the  value  of 
short-circuit  current  in  the  first  periods  of  short  circuit.  The 
initial  values  of  ultratransitory  current  and  aperiodic  of 
coaponent/term  and  the  process  of  its  attenuation  and,  conseguently, 
also  impact  current  remain  the  same  as  with  generators  without 
automatic  field  regulators. 

with  a  small  electrical  distance  of  short  circuit  from 
generators  (at  low  value  xt„  in  Fig.  6-19)  the  character  of  a  change 
in  the  short-circuit  current  reaains  in  fundamental  the  sane  as  with 
generators  without  autoaatic  field  regulators  (Fig.  6-18),  but  the 
value  of  periodic  of  coaponent/tera  after  certain  tiae  is  obtained 
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considerably  larger  (curves  1  and  l  in  Pig.  6-21).  In  this  case  load 
voltage  of  generator  in  the  steady  node/conditions  reaains  less  than 
its  nominal  voltage  even  with  a  maximally  possible  increase  in  the 
excitation  by  autonatic  regulator,  i.e., 

'«*..<  u,*ou- 

with  an  increase  in  distance  of  short  circuit  the  character  of  a 
change  in  periodic  in  ccmponent/term  changes:  first  periodic 
component/ter n  somewhat  decreases,  as  earlier,  as  a  result  of  the 
increase  of  the  back  induction  of  the  reaction  of  stator,  and  then  it 
begins  gradually  to  increase,  passing  into  the  steady  value  of 
current  (Fig.  6-22  and  curve  1  in  Fig.  6-21),  which  is  explained  by 
an  increase  in  emf  of  generator  as  a  result  of  the  predominant  effect 
of  automatic  field  regulator.  Large  is  obtained  load  voltage  of 
generator  in  the  steady  mode/conditions. 

With  certain  distance  or  short  circuit  it  proves  to  be  that  the 
automatic  field  regulator  restores  load  voltage  of  generator  in  the 
steady  mode/conditions  before  noainal.  Purther  increase  leads  to 

the  fact  that  load  voltage  of  generator  in  the  steady  mode/conditions 
is  restored  to  noainal  with  increasingly  a  smaller  increase  in  the 
excitation  of  generator.  In  connection  with  this  with  the 
considerable  distance  of  short  circuit  steady  current  /„  can  prove 
to  be  equal  to  the  ultratr ansitory  current  IM  (curve  4  in  Fig.  6-21) 
or  even  exceed  it  (curve  5). 
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Fig.  6-21.  Curves  of  change  of  the  effective  values  of  periodic  of 
component/term  of  the  current  of  short  circuiting  from 
turbogenerator.  1  -  with  turbogenerator  without  automatic  field 
regulator  and  **P.oi  =  <u.  2  -  the  same,  but  with  automatic  field  regulator 
wit h^.pacH » o.2;  3  -  the  same,  but  with  =  4  -  the  same,  but  with 

x.p,„  =  0.6  (/oo_  5  _  the  sanie  but  With  —  t  t^ao  ^  f").  6  —  when  c  ,  < 

11  oo^- 


Key:  ( 1)  .  s. 

Fig.  6-22.  Curve  of  change  of  snort-circuit  current  in  circuit,  which 
feeds  from  generator  with  automatic  field  regulator. 


Key:  (1).  N.  mode/conditions.  (2).  Transient  process.  (3).  Adjust 
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mode/conditions. 


Page  98. 


Let  us  note  that  condition  =  V r.I10M  — (or  Utear  =  l)  occurs  when 


During  short  circuit  at  distant  poi nt  it  is  considered 

(see  §6-6)  that  load  voltage  of  generator  does  not  change*  and 
consequently,  automatic  field  regulator  does  not  cone  in  action  and 
does  not  increase  the  field  current  of  generator.  This  lakes  it 
possible  to  accept  condition  /"=  /„,  =  /*,  (straight  line  6  in  Pig. 
6-21)  . 


6-8.  Determination  of  short-circuit  currents  from  calculated  curves. 

For  determining  the  effective  value  of  periodic  of 
component/term  I»t  at  the  moment  of  time  t  of  the  process  of  short 
circuit  it  is  necessary  to  know  emf  of  the  generator  for  the  sane 
moment  of  time  and  inductive  reactance  of  the  short-circuited 
circuit,  then: 

Ia,==T 3  ’  (6’63) 

where  E,  ~  calculated  emf  of  generator  for  the  moment/torque  of  time 


L_ 
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t  of  the  process  of  short  circuiting;  xt  -  ultratr ansitory  inductive 
reactance  of  the  generator;  -  external  inductive  reactance  of 
short  circuit. 

Determination  £<  is  sufficiently  complicated;  therefore  in 
practice  designs  the  value  of  periodic  of  component /tern  of 
short-circuit  current  at  different  moments  of  tine  determine,  using 
calculated  curves  (Pig.  6-2J),  maxing  it  possible  to  find  the 
relative  values  of  periodic  of  component/tern  of  the  current  of 
three-phase  short  circuit  at  different  moments  of  tine  depending  on 
the  calculated  resistor/resistance  of  the  circuit: 

/<3 *  =fit-  x  )• 

Curves  are  constructed  on  the  assumption  that  to  short  circuit 
the  generators  worked  with  full  load  with  cos  *=0.8  and  with  noninal 
load  voltage.  Since  the  paraneters  of  the  generators  of  different 
types  substantially  are  distinguished,  then  calculated  curves  are 
constructed  according  to  the  standard  paraneters  of  turbogenerators 
(Pig.  6-23  and  6-25)  and  hydraulic  generators  (Fig.  6-26)  of  donestic 
manufacture. 

Are  distinguished  also  calculated  curves  for  generators  without 
automatic  field  regulators  (Pig.  6-23),  also,  with  automatic  field 
regulators  (Fig.  6-25  and  6-26)  [6-1]. 
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As  the  basis  of  the  calculations,  connected  with  the 
construction  of  the  calculated  curves,  is  assueed  the  diagrae  in  Fig. 
6-24.  To  the  terminals/grippers  (collecting  nains)  of  generator  is 
connected  the  branch  with  fixed  resistor  *«•  initating  the  noeinal 
load  of  generator  (z^  =  0,8-j-/0,6,  i.  e.  ,  z.„— *  and  cos yH  =  0.8).  Short  circuit 
is  taken  after  different  external  inductive  reactances  x**  of 
emergency  branch,  which  to  short  circuit  ran  idle  (Fig.  6-24a) .  Under 
the  conditions  accepted,  as  this  was  indicated  earlier,  short-circuit 
current  in  emergency  branch  will  have  great  computed  value. 
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Fig.  6-23.  calculated  curves  for  determining  periodic  component/term 
of  the  current  of  three-phase  short  circuit  in  the  place  of  damage 
with  feed  from  standard  turbogenerator  without  automatic  field 
regul ator . 
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After  accepting  the  average  parameters  of  the  generator  and 
being  assigned  by  different  values  *m'  they  calculated  values  and 
thereupon  the  value  of  periodic  of  coaponent/tera  of  the  current  of 
three-phase  short  circuit  in  emergency  branch  at  different  aoaents  of 
tine.  In  this  case  it  was  considered  that  the  current  in  generator 
was  egual  to  vector  sun  of  currents  in  emergency  branch  in  the  branch 
of  load  (Fig.  6-24b) .  According  to  the  obtained  results  were 
constructed  calculated  curves.  Along  the  axis  of  abscissas  on  the 
graph/curve  of  these  curves  are  deposited/postponed  the  relative 
values  of  the  calculated  resistor/resistance,  egual  to  JC,piCT  =  x"(<  +  x.%Ml 
referred  to  the  nominal  power  of  generator  SrIWIi,  while  along  the  axis 
of  ordinates  -  relative  values  of  the  periodic  of  couponent/ters  in 
the  emergency  branch 


/(  3) 

.(3)  _  ‘at 

’•at —  / 

*  r.MOM 


where 

c 

_  _  ^  r.MOM 

Thus,  calculated  curves  consider  the  previous  load  of  the 
generator  (conditionally  referred  to  the  tersinals/grippers  of 
generator)  ,  but  into  value  the  load  resistance/resistor  is  not 


connected.  This  simplifies  all  calculations,  since  it  makes  it 


•fciti.  * 
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possible  completely  to  exclude  from  network  and  replacement  scheae 
from  which  expect  the  short-circuit  current,  all  loads  and  to 
consider  only  those  network  elements,  on  which  flows/occurs/lasts  the 
short-circuit  current.  It  is  at  the  sane  tine  necessary  solidly  to 
memorize,  that  with  the  use  of  calculated  curves  should  be  into  the 
replacement  scheme  of  network  introduced  the  generators  compulsorily 

M 

by  their  inductive  reactances  *<i  for  an  initial  moment  of  short 
circuit. 


If  the  resulting  resistor/resistance  of  short  circuit  •*,*,  i» 
calculated  in  ohms  with  certain  base  line  voltage  Ut,  then  with  the 
use  of  calculated  curves  necessary  to  determine  the  relative 
calculated  res istor /resistance  of  short  circuit  •*.  referred  to  the 
total  nominal  power  of  all  generators  from  which  is  designed 

short-circuit  current.  For  this  translation  can  be  used  formula 
(6-9),  represented  in  the  following  form: 


X. 


PK1 


But  if  all  resistors/resistances  of  short  circuit  were  expressed 
in  relative  unity  at  certain  arbitrarily  selected  base  line  power 
St.  the  obtained  as  a  result  of  the  transformation  of  replacement 
scheae  value  must  be  converted  to  the  total  nominal  power  of 

generators  S^s  according  to  formula  (6-23),  which  repeated  here  for 
convenience  in  further  calculations: 


x. 


9ml 

■5T~ 


A 
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Let  us  rote  that  on  calculated  curves  it  is  possible  to 
determine  only  short-circuit  current  in  the  branch,  directly 
connected  with  the  place  of  short  circuit.  The  use  of  calculated 
curves  for  deternining  the  values  of  currents  in  the  separate  ones, 
distant  from  the  place  of  short  circuit,  the  branches  of  network/grid 
n  lead  to  considerable  errors,  in  this  case  are  utilized  other, 
more  precise  calculation  methods  which  here  are  not  set  forth. 

In  the  simplest  case,  similar  to  that  given  in  Pig.  6-24, 
current  in  the  branch  of  generator  it  is  possible  to  determine  as 
follows.  For  the  specific  moment  of  time  by  calculated  curves  is 
determined  current  /»<  in  emergency  branch,  then  they  calculate 
voltage  on  the  busbars  of  generator  (U  =  V’3lalx,H  or  —  further 

according  to  the  law.  Ohm  define  current  Ki  in  branch  loads  and 
finally  current  in  the  branch  of  generator,  as  vector  sum  is  such 
/  ,  and  Ad- 

The  mutual  intersection  of  curves  in  Fig.  6-25  and  6-26  is 


explained  by  the  effect  of  field  regulators,  about  which  it  was  said 
in  §6-7. 
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Fig.  6-24.  Diagram,  taken  during  the  construction  of  calculated 
curves,  a  (normal  (preceding)  operating  mode;  b)  three-phase  short 
circuit  at  point  K  (3)  . 

Key:  (1).  Generator.  (2).  Load. 

Page  100. 

The  use  of  calculated  curves  is  very  simple.  After  determining 
and  knowing  S,,,.  and  -p==~—  (with  U ^  that  step/stage, 

for  which  is  designed  the  short-circuit  current) ,  they  find  through 
curve  for  the  appropriate  moment/torque  of  time  and  then 

/‘3»  /'3|  /  (6-64) 

•mt  'wu'kwmS*  '  ' 

In  particular,  on  curve  for  t*90  is  determined  and  then  by 

formula  (6-59)  impact  current  i,;  but  by  curve  for  t*»  they  determine 
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The  power  of  short  circuit  for  the  moment/torque  of  time  t  can 
be  deternined  from  the  expression 

S/*=V5U"I*. 

After  dividing  botn  parts  of  this  equation  on  sHB.4z ve 
find  that  i.e.,  the  relative  values  of  current  and  power  of 

short  circuit  for  certain  aoaent  of  tine  are  nuaerically  equal. 
Therefore,  after  finding  but  by  calculated  curve  it  is  possible 

the  power  of  short  circuit  to  determine  by  the  foraula: 

o(3)_fts»s  (6-63) 

During  the  use  of  curves  in  Fig.  6-26  for  hydraulic  generators 
with  damper  windings  it  is  necessary  calculated  resistor/resistance 
to  increase  by  0.07  (along  the  axis  of  abscissas  to  plot/deposit 
jc.  +0. 07)  ;  in  this  case  for  t^0.  1  s  should  be  used  the  dotted 
curves,  and  for  t>0.  1  s  -  solid. 


Calculated  curves  are  applied  for  calculating  the  short-circuit 
currents  toje.pK,  =  d.  During  high  resistors/resistances  the  point  of 
short  circuit  is  considered  distant  and  short-circuit  current  is 
defined,  as  it  is  stated  in  §6-5. 


It  was  previously  indicated  that  aperiodic  component/ tern  of 
short-circuit  current  ati  jnuates  tor  the  tine,  which  does  not  exceed 
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0. 2  s  after  the  beginning  of  short  circuit.  Therefore  calculated 
curves  for  tine  t>0. 2  s  virtually  sake  it  possible  to  determine  the 
full/total/conplete  short-circuit  current,  which  flows  into  the  place 
of  daaage.  If  necessary  full/total/conplete  short-circuit  current  for 
tine  t<0.2  s  can  be  deternined  fron  fornula  (6-37),  having 
prelinina  riiy  deternined  lat  by  the  correspond  of  calculated  curve 
and  according  to  fornula  (6-31). 


Qj Ptciimmi  ci/ffimulJilxut 


(fix 


6-25.  Calculated  curves  for  deteraining  periodic 
coaponent/ter m  of  the  current  of  three-phase  short  circuit  in  the 
place  of  daaage  with  feed  froa  standard  of  turbogenerator  with 
autoaatic  regulator  of  excitation. 
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Key:  (1).  Calculated  resistor/resistance.  (2).  Periodic 
component/ter m  of  three-phase  current  short  circuit  into  places  short 
circuit  (in  rel.  un.). 

Page  101. 


For  the  selection  of  snitches  voltage  it  is  higher  than  1000  ¥ 
according  to  the  disconnecting  ability  (see  Chapter  21)  it  is  usually 
necessary  to  determine  the  full/total/complete  value  of  short-circuit 
current  for  0.1  s  after  the  onset  of  short  circuit  [l..  3-6],  i.e., 

I  ~  ^n/=0.l  'l-  ‘af-o.l- 

Calculations  they  show  that  with  sufficient  accuracy  it  is 
possible  to  accept  '«/- m  — /". 

In  conclusion  let  us  point  out  that  for  the  selection  of 
electrical  equipment  of  electrical  stations,  substations  and 
networks/grids  usually  are  determined  the  following  values  of 
short-circuit  current:  1"  -  for  determining  V  checking 

electrical  equipment  to  thermal  resistance  and  selection  of  the 
switches ; 

'*  -  for  checking  electrical  equipment  to  the  electrod ynamic 
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stabi lity ; 

lv  -  for  the  selection  of  some  types  of  the  autoaata  (see 
Chapter  21)  ; 

A*.  -  for  checking  electrical  equipment  to  thermal  resistance. 

Wher  select- ing  of  switches  frequently  is  utilized  the  value  of 
the  ultratransitcr y  power  of  snort  circuiting  S”. 

The  values  of  short-circuit  current  for  other  moments/torques 
time  (/,.,)  during  design  of  power  equipment  do  not  usually  determine. 

Example  6-6.  To  determine  l",  S",  <v  and  during  three-phase 

short  circuit  at  points  K-1  and  K-2  a>.  the  station  whose  diagram  is 
given  in  Fig.  6-27.  Necessary  for  calculation  data  are  given  in  the 
diagram.  At  station  are  esraDlished/installed  the  turbogenerators, 
equipped  with  automatic  iield  regulators. 

since  are  determined  below  only  the  currents  of  three-phase 
short  circuit,  then  index  (3)  for  simplification  in  the  recordings  is 
everywhere  omitted. 

In  this  cas®  for  basic  power  to  it  is  more  convenient  accept 

t/i 

s4  -  r  -  3. 15  —  45  M*a  «(/,  =  Ucp  =  6,3  Kt. 
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Key:  (1)  .  kV. 


Then 


Key:  ( 1) .  kA. 


^HOM  I  ^  _  O') 

y3Cc„~  KT  m  sss'*,‘  *°* 


we  lead  all  resistors/resistances  to  base  line  power.  Relative 
basic  res j stors/resist ances  of  the  generators 


II  ^HOM  I 

*,  =  X,  =  *,  =  X.a  £  — 

<5 

«=  0.1 26 -jj  =0.38. 


A 


Fig.  6-26.  Calculated  curvas  for  determining  periodic  coaponent/tera 
of  the  current  of  three-phase  short  circuit  in  the  place  of  daaage 
with  feed  from  the  standard  hydraulic  generator  with  autoaatic  field 


oqul a tor . 
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Key:  (1).  Por  generators  with  damping  windings  *.»«.  must  be  increased 
by  0.07;  here  for  t^O.  1  should  be  used  the  dotted  curves,  while  for 
t>0. 1  -  solid.  (2)  s. 

Page  102. 


Relative  basic  resistor/resistance  of  the  reactor 


/ko«  1  n  4,1 
1  i  —  0 , 05  ~  ^  1 . 

*  p.itou 


Replacement  scheme  is  given  in  Fig.  6-27b.  Short  circuit  at  point 


K-1.  Calculated  resist or/resistance  of  circuit  to  point  K- 1 


**pac»i  A*./  * 


4  “-^*=0.126. 


We  determine  I",  S"  and  , 


With  t=0  on  calculated  curves  (Fig.  6-25)  we  find  then: 

/-  =  /:*/  8. 4.1  =33 

( A .) 

S"  “  l“  SH0U  t  -  8-  45  =  360  Mia-, 

<y=  1 ,9^2"/"^=  2,7/"  =  2,7.33  —  89  tea- 

Key:  (1).  kA.  (2).  HVA. 

Initxdl  ultratr ansitor y  current  can  be  determined  also  by 
formula  (6-58),  accepting  k=1: 

_ k _ .  _  *.i 

Sc,*./  “Ml  57T2S~ 


r 


0) 

33  ko. 


rr 
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(1)  .  kA. 


He  deternine  /«,. 


With  t=-  through  calculated  curves  ve  find  /.«•  *2.75,  then 


yoo=  y*aoynoM  i  “*  2,75-4,1  se  ||,3  #a. 


(1).  kA. 


Short  circuit  at  point  K-2. 


Base  line  conditions  reaain  the  sane. 


when  /l-  o.yo,  then: 


O) 

0.90-4.1  =b 3,7  ku ;  ' 

(*i 

5"  —  0,90-45  =  40  A4»o;  ^ 

/  -  1.8  ^57".=  2. 55-3,7  =  9, 4  tea. 


(1)  .  kA.  (2)  .  HVA, 


When  /~oo/.  —i,02,  then: 


0 > 

lw-  1, 02-4. 1.=s  4.2  tea. 


Key:  (1)  .  kA 
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Pot  a  comparison  let  us  conduct  parallel  calculation  for  point 
K-  2,  expressing  all  ohaages.  network  is  given  in  Fig.  6-27c.  Base 
line  voltage  — 6.3  k?. 


Resistors/resistances  of  the  generators 


*1  —  4t,  —  X; 


x»dU6  _  0.126-6.3*  _  CO 

—  s _  “■  75 - "0,33  om; 


by  Key:  (1).  ohm. 


the  resistor/resistance  of  the  reactor 


**■ 

s 

100 


y/«  yP,.oM 

too  yfT 


6.3 

VS-0.2 


-0.91  & 


by  Key:  ( 1) .  ohm. 


Resulting  resistor/resistanca  of  short  circuit 


0.33  ,  „  ,  L'l 

•r-K  t"  '  j" +0.91-1  om. 


Key :  ( 1)  .  ohm. 


The 


relative  calculated  resistor/resistance 

I*p«»  K-t 

'•h”  “  u\ 


45.1 


a.  1.1. 


i.e.,  the  sane  value,  as  with  the  expression  of  resistors/resistances 
in  relative  unity.  Conseguently ,  and  the  values  of  short-circuit 
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current  will  be  the  save  as  determined  above.  Let  us  simply  note  that 
in  this  case  the  ultratraasitor y  current  can  be  also  determined  by 
formula  (6-55)  with  k=1: 


=3,6 


Key :  ( 1)  .  <k. 


From  the  comparison  of 
which  flow  into  points  K-1 
of  reactor  on  the  amount  of 


the  values  of  the  short-circuit  currents, 
and  K-2,  the  evidently  considerable  effect 
current  and  power  of  short  circuit. 


I 

I 
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Fag*  102. 

At  poiat  1-2  > /**.  thick  U  explained  by  the  effect  of  the 

aatoaatic  field  ca gala tors  of  geaeratora.  In  spite  of  this,  the 
electrodynaaic  affect  of  correat  will  be  aevertheless  wore  with 
la pact  current.  since  the  latter  is  aore  than  the  aaplitude  of  the 
steady  carreat 

Bra  a  pie  6-7.  To  deteraiae  I*,  s",  iy  and  daring  three-phase 
short  circait  at  point  K  on  the  hydroelectric  power  plant  whose 
diagraa  is  given  in  Fig.  6-28.  At  station  are  established/installed 
the  hydraulic  generators  with  daaping  windings,  the  equipped  with 
aatoaatic  field  regulators.  Triple- wound  transformers  hare  impedance 
voltages:  “kb-c^  17o/o;  uK “  '0,5%;  u„ c_„  - 6%.  ieaaining  data  are  given 
ia  the  diagraa  of  station. 
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fig*  €-27*  Vetwork  and  replaceaeat  scheme  for  eranple  of  6-6. 


Kay:  (t| .  fcV.  (2).  fl?A. 


Page  103. 

■aplacaaaat  scheme  is  given  ia  Pig.  6-28b. 

fa  accapt  basa  Lina  power  s6»»ioo  HT A  and  we  lead  the  relative 
raslstora/raaistancas  of  diagram  to  basa  poaar. 

Iasi stor s/resist a ocas  of  tba  generators 

100 

jr.-x.-x,-.  0.2-55—0.36. 

Baslstor/rasistanca  of  tba  double  wound  transformer 

100  A  IB 

x4-  0,105  -eU-^0.18. 


DOC  -  79134861 


PIGS  37> 


Accord  lag  to  fornulas  (6*14)  ao  dotoraino  winding  iupedances  of 
tlo  triple~wound  tranoforooro: 

+  6  -10.5)^0.06; 

'7>a=0- 

then 

0;  *•“*««"  0,11  -^-“0,18; 
too 

*•- *i.- 0.06 -§^~  0.1. 

Toltago  at  points  1  and  8  is  equal,  which  nakes  it  possible  to 
conns ct  then.  Than  roplacsnont  schose  takos  tho  fora,  given  in  Fig. 
6~28c*  Bosistors/rosistaocos  ,t  and  *.  aro  connected  in  series,  but 
i*  and  x«,  and  also  xv  and  xAa  *  in  parallel.  If  we  connect  the 
soatrals  of  generators  G-2  and  G-3,  then  also  resistors/resistances 
xt  and  xs  they  also  prove  to  bo  connected  in  parallel.  Then  we 
obtains 


j>ii  ■  Jf|  x,  »  0.36  -f-  0, 18  ™  0.54; 

i|'i  _  0,18 

x.,  i  r  a  “0,09; 


*.  +*. 
_  *,x, 


0.36 

1  2 - °>18; 


_  *i*ii  _ °.l _ 


0.05. 


+  *u 

lftor  the  connection  of  tho  neutrals  of  generators  we  determine 
tho  resulting  resist or /resistance  of  the  circuit: 

r.  —  f*n*t*»t)*n  . 

»..■*, 11+X|,  4^- +x„- 

_|0j54  +J>^09)  0 J8  ^  05  0  9 

Vo  dotoraino  calculated  resistor/resistance  with  s*m« x  —  3  K-“ 165 
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B?A: 

|6S 

*.  PK,  ”0. 19  Rgj*  Wl. 

Since  hydraulic  generators  have  da ■ par  windings,  then  with  the 
aaa  of  carves  in  Pig*  6-H  we  plot/da  posit  along  the  axis  of 
abscissae  the  resistor/resistaace,  agaal  to 

+  0,07  "  0,31  +  0,07  “  0f3#* 

For  dataraiaatios  C  ve  aaa  on  tha  sane  reason  for  the  broken 
line  carve  for  t«0,  on  which  wa  find  j"  —a.*5*  than: 

/•  -  t  -  3.«.2 .6  sss 9  to, 

Kay:  (t)  .  kl. 

where 

__  165  .  .  M 

lmmt — — 2,6  ** 

—  KF/'- 2.55- 9  as  23  £; 

ST  -  / i'S^  „  -  3.46. 166  *»  670  Mul 

Kay:  (1).  hi.  (2|.  HTA. 

Initial  ultra transitory  currant  can  be  determined  also  by 
fornula  (8-58).  on  Table  6-1  whan  o,3i  wa  find  k— 1.07.  Then: 

h  '  1,07  (J ) 

“or*’B“s'46't6ss9  *“• 

Kay:  fl).  kA* 

i*e*,  tha  sane  value,  as  found  froa  calculated  curves. 
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■it*  <.00  /^,-J.as  and  2.H7.#  k». 

6-9.  Calculation  of  short-circuit  currents  taking  into  account 
different  distance  of  poeer  supplies  froa  the  place  of  short  circuit. 

Ibowe  sas  exaained  the  calculation  of  short-circuit  currents 
according  to  the  total  calculated  res 1st or /resistance  of  circuit, 
i. e. ,  without  the  account  to  different  distance  of  power  supplies 
froa  the  place  of  short*  and  consequently,  on  the  assunption  that 
generated  by  then  periodic  coapoaent/tera  of  current  change  equally. 
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Pig.  6-18.  letvork  and  equivalent  circuit  for  exanple  6-7. 

ley:  (1|.  kf.  (2).  HTA. 

Pago  104. 

However.  ia  soie  diagraas  poser  supplies  can  have  such  different 
distances  fron  the  place  of  dosage,  that  the  calculation  of 
short-circsit  currents  for  the  iateraediate  aoaents  of  tine,  and 
especially  for  the  steady  aode/coaditions  of  short  circuit  accord  in 
to  genera 1/coaaon/total  calculated  resistor/resistance  can  lead  to 
very  significant  errors,  since  sith  different  distance  of  sources 
generated  by  thea  periodic  coapoaent/ter n  change  differently  (sep 
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The  varied  conditions  of  changing  periodic  con pone nt/term  of 
short-circuit  carraat  occur*  also*  with  the  feed  of  the  place  of 
short  dr c ait  froa  stations  with  turbogenerators  and  hydraulic 
generators.  Is  feasible  the  case  of  the  feed  of  the  place  of  short 
circuit  sisal taaeously  froa  station  for  final  power  and  the  system  of 
the  unlinited  power. 

the  siaplest  case  of  the  feed  of  the  place  of  short  circuit  from 
two  soirees*  hawing  different  distance*  is  given  in  Pig.  6-29a.  Here 
each  soiree  is  directly  connected  with  the  place  of  short;  therefore 
the  cirreat  of  three-phase  short  circuit  can  be  deterained  separately 
froa  each  soiree.  The  current*  which  flows  into  the  place  of  short 
circuit*  is  equal  to  the  sun  of  short-circuit  currents  from  sources. 
In  this  case  one  should  reneaber  that  during  the  coaputation  of 
short-circuit  currents  on  calculated  curves  it  is  separate  from 
sources  necessary  prelialnarily  for  each  of  then  to  determine 
relative  calculated  resistor/resistance  at  the  total  nominal  power  of 
the  generators  of  the  corresponding  source.  So*  if  the 
resistors/resistances  of  the  rays/beans  of  diagraa  x,  and  x2  (Fig. 
6-29e)  are  deter aiaed  in  ohns  with  certain  uv  then  the  calculated 
resistors/resistances  of  these  rays/beans: 
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aid 


*•  P»c«  2  f>3 

w  0 


(6-6r,.„, 


Bat  if  xt  a boot  x*  ace  determined  in  relative  unity  with  certain 
S0.  then  the  calculated  resistors/resistances  of  the  rays/beams: 


P«ca  I 


c 

ri 


and 


X*  pacs2  —  Xt  ' 


■'hom  12 


(6-6G/-J 


Soaevhat  aore  coa plica ted  than  the  case  shown  in  Pig.  6- 29b, 
where  the  short-circait  currents  from  both  sources  flow/occur/last 
through  total  resistance  of  is  conseguence  of  which  news  the 
calculation  of  currents  directly  fron  each  source  individually  is 
already  ceanot.  However,  if  we  by  converting  this  diagraa  lead  it  to 
diagraa  to  radiation,  siailar  diagraa  in  Pig.  6-29a,  then  this 
already  will  sake  it  possible  to  conduct  the  calculation  of 
short~circait  currents  fron  each  source  individually,  taking  into 
account  different  change  of  periodic  of  coaponent/tera  of  current. 
The  conversion  of  the  actual  diagran  indicated  into  radiation  is 
possible  with  the  observance  of  the  following  conditions:  1) 
short-circuit  currents,  which  flow  into  the  point  of  short  and 


L 
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9* ••rated  by  separate  sources#  they  oust  reaain  constant/invariable 
•ad  2)  the  total  resistaace  of  radiation  diagraa  aust  be  equal  to  the 
total  resistance  of  actual  circuit,  order  of  calculation  is  the 
fol loving: 

1.  Connect  substitutions  for  the  given  point  of  short  circuit 
and  by  gradual  conversion  they  reduce  it  to  the  fora#  shown  in  Fig. 
8-29b,  vhere  resistors/resistances  xt#  x*  and  x,  of  three  rays/beams 
can  be  expressed  either  in  ohns  with  certain  base  line  voltage  Ut,  or 
in  relntive  unity  at  certain  base  line  pover  S„- 


2.  Is  deterained  resulting  resistor/resistance  of  diagram: 


■*pe» 


*i  +  *i 


+  xv 


3.  They  take  the  relative  value  of  the  periodic  coupon ent/term 
of  current  in  the  place  of  short  circuiting  for  unity 
distribution  coefficients#  i»e.#  fraction/portion  participation  in 


the  short-circuit  current  of  each  of  the  sources 
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Pig.  6-29.  Diagraas  to  the  calculation  of  short-circuit  currents 
takiag  into  account  diffarant  diatanca  of  sourcas  froa  the  place  of 
short  circuit. 


Kay:  (1) .  Source. 

Page  105. 


(6-68) 
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vtan  x'~~ x* +7,'  *  feaeral/coaaoa/total  (equivalent) 
nilftor/ntiitaact  of  rays/beaas  fron  separate  sources  (rays/beams  1 
and  2  diagraas  in  Pig.  6-29b| •  poraulas  (6-68)  are  convenient  for 
deteraiaing  the  distribution  coefficients  several  power  supplies. 


The  correctness  of  conputations  is  checked  according  to  the 
condition: 

C,  +  C,  =  |. 


I.  Is  converted  actual  circuit  (Pig.  6- 29b)  into  radiation  (Pig. 
6- 2 9c)  vith  observance  of  conditions  presented  above  which  are 
enpressed  bp  following  agnations: 


X.  X 


I  •*» 


*!+*» 


and 


where  x'  and  x\  -  conditional  resistors/resistances,  which  connect 
sources  directly  with  place  of  short  circuit. 


Vaises  -"w  c>  aad  Ca  are  known,  therefore,  solving  together 
latter/last  two  agnations,  we  find: 


O  . 

H  X2 


Key:  (1).  aad 


(6-69) 
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Tka  rasistors/raslstucM  of  raye/beeas  x\  tad  x\  can  be 
detecnlaed  by  replacing  tka  diagraa  of  star  by  the  diagraa  of 
equivalent  triangle  (Pig.  6*11).  Otilisiag  formulas  (6-25),  it  is 


possible  to  srito: 


x')=sXl  +  x,+*-&. 

X3=Xt+Xt+xJ±. 

•» 


(6-70) 


(resistor/resistaace  x\  of  equivalent  triangle  which  proves  to  be 
connected  between  sources  1  and  2,  farther  they  do  not  consider, 
since  it  does  not  affect  the  strength  of  current,  which  flows  into 
the  place  of  short  circuit). 


The  use  of  foraolas  (6-70)  is  aore  convenient  with 
lsolatioa/liberation  in  the  replaceaent  scheae  of  two  power  supplies 
with  different  distance  froa  the  place  of  short  circuit,  with  the 
isolation/liberation  of  a  larger  auaber  of  sources  to  aore 
conveniently  deteraine  distribution  coefficients  according  to 
foraalae  (6-68)  and  thea  resietors/resistances  of  rays/beaas 
according  to  foraalas  (6-69)  • 

By  the  obtained  values  of  equivalent  resistance  x\  and  of 
radiation  diagraa  (Pig.  6-29a)  are  deter ained  relative  calculated 
cesistors/reslstaa ess  end  *•  p*c'>2  circuits  froa  each  source  at 

the  total  aoaiaal  power  of  its  generators.  For  this  they  use  formulas 
(6-66a)  or  (6-66b)  depending  on  that,  are  deterained  x\  and  xt  in 
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ohai  or  relative  unity. 

t 

Further  is  deternined  short-circuit  carroot  froa  each  source 
individually.  The  sub  of  these  currents  gives  the  value  of  the 
current,  vhich  flows  into  the  piece  of  daaage. 

To  resort  to  the  calculation  of  current  of  short  circuiting 
taking  into  account  different  change  in  periodic  in  coaponent/term  as 
considerably  conplicatiag  coaputational  work,  follows  only  if  this 
gives  the  essential  ref i manat  of  the  value  of  short-circuit  current. 
It  is  obvious  that  great  refiaeaeat  of  calculation  this  aethod  gives 
during  the  coaputation  of  the  steady  short-circuit  current  of  the 
flowing  into  place  daaage.  Use  of  this  aethod  of  the  calculation  of 
short-circuit  current  for  the  short  tines  t  gives  refinenent,  as  a 
rule,  unessential  for  purposes  of  practice. 

It  is  obvious  that  it  does  not  sake  sense  to  apply  this  method 
of  calculation  during  the  deteraination  of  the  initial  values  of 
short-circuit  current  l"  and  *'y.  Brception/eliaination  can  be  only 
the  case,  when  it  is  necessary  during  the  deteraination  of  impact 
current  iy  to  consider  the  different  attenuation  of  aperiodic  of 
conpoaeat/tera  (different  values  of  inpact  coefficient*^)  from  povj^fiL 
supplies  of  £see.-vKe  ci«<WV»on  ki  $ oH  po'irv)-  £  )  r\ 


’-h- 
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Oao  ought  not  to  also  apply  tla  consider ad  aethod  of  calculation 
daring  tla  dotaralaation  of  short-circuit  currant  the  reactors  and  on 
tla  sida  of  tla  secondary  voltage  of  the  substations  of  saall  and 
average/aeaa  power,  bat  frequently  even  power f ul/thick  substations, 
since  tleir  rasistor/resistanca  asoally  considerably  exceeds  the 
resistor/resistance  of  all  otlar  network  eleaents  of  short  circuit, 
which  stroagly  s Booths  differaaoa  in  distance  froa  the  place  of  the 
short  circuit  of  power  supplies. 

It  goes  without  saying,  should  be  separated/liberated  the 
sources,  connected  directly  to  the  place  of  short  circuit,  and  also 
the  electrical  systeus  of  the  ualiaited  power,  since  periodic 
conpoaeat/tera  froa  the  latter  is  constant/invariable.  Is  expedient 
isolation/liberation  into  the  separate  groups  of  theraal  power  plants 
aad  hydroelectric  power  plants.  One  type  stations  with  a 
cooperatively  saall  difference  in  distance  froa  the  place  of  short 
circuit  it  is  expedient  to  unite  into  one  group. 

Bxaaple  6-8.  To  deteruise  ,m-  ly  and  /„,  during  three-phase  short 
circuit  at  three  points,  indicated  in  the  diagraa  of  Fig.  6- 30a, 
where  are  given  all  necessary  for  calculation  data.  In  system  and  on 
district  power  plant  are  astablished/installed  the  turbogenerators 
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with  awtonatic  fiwld  regulators. 

Full/total/coaplete  replaceaaat  scheae  for  all  calculation 
points  is  given  in  Fig.  6-30 to. 

■»sistors/rs*istanc«s  i#t  ns  express  in  relative  units. 

fs  acospt  s6-ioo  Bit;  ws  land  to  it  all  relative 
resistors/resistances,  as  this  repeatedly  was  dona  in  tha  previous 
ex a ap las,  and  wa  inscribe  than  in  tha  diagran  of  substitution. 

Short  eirenit  at  point  1-1, 


insulting  resistor/resistaace  of  circuit  froa  the  system 


Basulting  rasistor/rasistanca  of  circuit  froa  local  exchange 

_  _ *t  +  *,  |  *»» 

*•  pc.-cr  —  *h  2  ~  2 

0.22  +  0.178,0,121 

■“ - j - +  -j—  =s0.26. 


For  both  branchas  if  is  possibla  to  accapt  *y-t.s,  therefore  th 
initial  walaas  of  sh or t- circuit  current  wa  dateraine  by  the  total 

rasistanca: 

_  *h*ii  0.22-0.26 

V«  *„  +  *„  0.22  +0.20  — 0,1  • 
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Badlu  aoltaga  of  tha  stop/stag*  of  short  drcoit  ucp-^*“ k.  v ; 
tkarafora 

,  _ _ 100  A) 

*  ~n.m  ****** 

Rap:  (1).  U. 


Dltratransitory  c arrant  is  dataraiaad  froa  foraula  (6-58),  after 
accaptlag  M: 

'  f «  0,5  ,  -  £) 

Ray:  (1).  kk. 


lapact  ahorfc-ci  remit  c arrant 


1.*^ 


I* 

*-/ 


ff) 

2. 55.4,2  a;  It  <ta. 


Ray:  (1)«  kk. 
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Pig.  6-30,  let  work  and  replaceaeat  scheme  for  example  of  6-8. 

Key:  (ff.  S 78 tea •  (2).  *?.  (JJ .  BY  A.  («|  .  Q/ km.  (5).  50  MV  each. 
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The  steady  short-circuit  currant,  which  flows  into  point  k-i,  we 
determine  separately  froa  systea  and  station. 

Calculated  resistor/resistaace  of  systea  with  seMOll^  750  mva: 

750  ,  r 

x  “0,22  | iv \  ^  ,0, 

*•  paca  c 

Oa  curwes  la  Pig.  6-25  with  t*—  we  find 


!•  0.=  0,68. 
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that 


Kay:  f T»  •  kt. 


_  750 

tc.no»“  KJ.IIS 


in 

sb3,8  Ha, 


Q 

c=>  0, 68-3, 8  ss  2.6  Ha. 


Calcolatad  resist or/resistaace  of  station  with  sCTJW«  “  2 
50/0.  05*117*4  HT  A: 

X* p»m.ct  “0.26  03. 


Oa  calculated  coraas 


7«ae  -  2,3. 


Since 


that 


*ct.no«  y  j. ,  |5 


"7-6  r  0) 
0,6  HO, 


/ooct“2.3-0,6^:I.4  Ka. 


Kay:  (1|  .  kl, 


Total  value  of  tha  steady  short-circuit  currant: 

7oo  AT-/  “  7co  c  +  700  CT  “  2  >0  +  1 1  <  «■»  4  K a. 

For  a  comparison  lot  us  deteraine  tha  steady  current  by 
Taaaral/cosaoBAotal  calculated  resistor/resistance. 


Tha  total  poser  of  all  goaarators 

^■OM  l  750  +  117.6-867,6  J&h. 
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(l).  HTA. 


.  867,6 

x*t*cn  •*  ioo  ^  I. 

calculated  resistor/resistance 
Oa  decay  cucree  Aao«i.  15,  then: 


•here 

,  »67.6  .  .  G 

'w*  t  yy ,  ,5  —  4>4  *»• 

Key:  (1)  •  HA. 


The  error  for  calculatioa  according  to  total  resistance 
coa prises  iri  100-25*/..  i.e*«  it  is  very  significant. 

Short  circait  at  point  K-2. 


Utilising  results  of  the  preceding/previous  calculation,  we 
coapose  for  point  K-2  the  siaplified  replaceaent  scheae,  given  in 
Pig.  6-30c,  where 


.£a, 

2 


0,045 

■—5—  s*  0,022. 


Besalting  resistor/resist a ace: 


K-i  “  *.p u  *./  +  “  W.  +  0,022  ss  0,14. 


Ve  deteraine  the  initial  values  of  short-circuit  current  with 


DOC  «  79 1348 Cl 


page  yfi 


—  JIS  kfS 


and 


/"  _  0.5 

**  oTiT 


:  3.6  ^ 


Kay:  (1|  .  ki. 


—  1.8|/r.3l6ss9  2  Q 


Tka  steady  current  is  determined  in  a  presented  above  manner, 
•kick  considers  different  distance  of  power  supplies  from  point  K- 2. 


Distribation  coefficients  according  to  fornalas  (6-68) : 


c, 

c. 


0.12 


«_  1  —0,55  -  0.45. 


Cnlcelnted  resistors/resistances  of  the  rays/beaas  of  system  an'. 


station  according  to  forsuias  (6-6 9)  and  (6-66b): 


*«p»c<i.c 


X. 


c 

pea^c-HOM 


C,s6 


0,14  750 
”0755-  To5”,a 


-0>M  M7-6  n« 
*•  P»M.CT  5745  '  100 


Current  from  the  systen 


Key:  (1|.  ki. 


/no-0.56  m  /ooe-0,56-3.8^52.1  tea. 


/.co-2.16  h  / 


2.16.0,6-  U  kcl. 


Car rent  fron  Key 


'oojw-2.1  +13.3.4 


station:  (1|*  ki 
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Total  relM  of  tha  steady  short-circuit  current: 

Key:  (1).  kA. 

For  a  comparison  let  us  determine  the  steady  current  by  th 
general/common/total  calculated  resistor/resistance: 

„  867,6 

**p»e.  M  |QQ  4  I >21: 

/..-0.92  ■  0.92. 4.4  as  4  £«. 

Kay:  (1|.  kl. 


Error 

4  —  3,4 

- 3^—100-18.2* 

Short  circuit  at  point  K-3. 


then 


Replacement  scheme  is  gives  in  Fig.  6- 29c,  where 

*,.-^—^-0,35; 


*»ata  K-t  “  *»p«»  K-}  +  14  +  °-35  ^  °>49 


Initial  values  of  short-circuit  current  with  y^  — 6.3  kv  and 
100 


•  /3-6.3 

and 


—9.2  ^*5 


-  ®4«-18.7  iea 


/a4"TT4!T 


iyW-l,8/J-18,7sft48  Q 


Key:  (1).  kA 
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The  it*ad;  current  is  determined  taking  into  account  different 
attenuation  of  periodic  cf  coapoaent/tera  frcn  power  supplies. 

Distribution  coefficients  rennin  the  sane  as  in  the  case  of 
short  circuit  at  point  k-2,  then 

_0,-ni  750  _ 
c  u.55  '  IU0 


Jr. 


^0,49  117.6 

PJC.  CT  0,^5  ■  1 1 H) 


1.3. 


Periodic  conponent/tern  of  short-circuit  current  from  system 


does  not  change  (♦^•pace.c  >3). 


^ooc 


therefore 

69 


where 


c  b 


—  10.3  KO.  KH, 


750  „  /  ,• 

/  «  - 69  Jwdk  A  h  * 

*  C.HOU  1^3- 6,3 


Current  from  the  station: 

l.n-OM. 

117.6 


kH- 


CT.HOW  >^3.6.3 

Im  cT  =  0,8-4- 1 1  ==9,3  ko.  k  hi  ■ 

Total  waiue  of  the  steady  current; 

lm  10,3  +  9,3=  19,6  **.  hh. 

Calculation  according  to  the  genera 1/conuon/toial  calculated 
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,~k 


nslitor/niiatinc* 

„  „  867,6 

*-j“  °*49  Tog- — 4‘25- 

tkm  point  of  short  circait  is  distant  W - Ui  - O*  therefore 

f«o  A'-i  “  “  *®*2  **•  k/l- 

Tho  error  for  calculation  according  to  total  resistance  composes 
in  all  (19.4-18. 7/19.6) 100*4.6o/o.  i.e.  .  in  this  case  one  ought  not 
to  have  coaplicated  calculation  by  the  account  of  different  change  in 
periodic  in  conponent/tera  of  short-circuit  current  froa  sources. 

6-10.  Calculation  of  short-circuit  currents  taking  into  account 
electrical  systea. 

For  the  calculation  of  short-circuit  currents  on  the  power 
plants,  which  work  in  parallel  uith  electrical  systeas,  and  also  on 
substations  it  is  necessary  to  have  available  the  data,  which 
characterise  systea. 

If  are  known  sc he aa tic  of  systea  and  all  necessary  for  the 
calculation  of  short-circuit  currents  paraaeters  of  generators, 
transforaers  and  tra ns ai salon  lines  then  short-circuit  current  from 
systea  is  desigaed.  as  it  is  stated  earlier. 

Is  considerably  siapler  the  calculation  of  short-circuit 
currents  when  are  known  the  total  noainal  power  of  generators  systems 
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s<».,  and  tli*  total  resistance  of  all  eleaents  of  its  network  xc  to 
o*rtala  point  of  the  networ k  of  the  systen  to  which  is  connected  the 
projected/designed  station  or  substation.  The  resistor/resistance  of 
systen  can  b*  expressed  in  ohss  with  certain  base  line  voltage  U„  or 
in  relative  unity.  The  latter  is  noraally  assigned  by  that  referred 
to  the  aoaiaal  power  of  systes.  In  these  all  cases  the  short-circuit 
carrents  design  froa  rnles  presented  earlier,  accepting  system  as 
certain  equivalent  generator  of  assigned  total  power 
possessing  assigned  total  resistance  *c  (see  above  example  6-8) . 

Can  be  also  assigned  the  aoainal  power  of  systen  and  the 
nltratransitory  power  of  short  circuit  froa  systen  during  short 
circuit  at  the  fixed  point  of  network,  in  this  case  it  is  not 
difficult  to  deternine  the  resistor/resistance  of  system  to  the  qiven 
point  of  short  circuit. 


The  resistor/resistance  of  systen  in  ohss  can  be  determined  by 

foraula  (6-5*1,  after  assuaiag  in  it  k*l: 

u 1 

(6-71) 

where  ycP  -  eedina  voltage  of  that  step/stage  where  is  accepted  the 
point  of  short  circuit,  for  which  is  assigned  the  power  of  short 
circuit  froa  systen  5a*. 


The  resistor/resistance  of  systen  in  relative  unity,  in 
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reference  to  its  aoainal  power  (calculated  resistor/resistance  of 
systea),  css  bo  deterained  by  foraula  (6-59),  after  assuaing  in  it 
and  k-1: 

•  (6-72> 

Calculation  they  further  conduct  as  usually. 

In  very  po serf u 1/thick  sjstea,  especially  if  it  can  considerably 
be  developed,  frequently  with  the  calculation  of  short-circuit 
currents  at  stations  and  substations  it  is  possible  to  accept  that 
the  power  of  systea  ualisitedly  large  — 00  and  jcc=0).  and  to 

consider  only  the  resistor/resistance  of  those  eleaents/cells  of 
network  (transaission  lines  of  the  transforaer) ,  through  which  the 
station  or  substation  is  connected  to  systea. 

Page  109. 

Finally,  Is  feasible  the  case,  when  systea  is  characterized  only 
by  the  that  type  of  the  switch  which  can  be  established/installed  on 
that  installation  of  the  systea  to  which  they  connect  this  station  or 
substation.  Let  us  exaaiae  for  an  exaaple  diagraa  in  Fig.  6-31.  The 
paraneters  of  all  eleaeatvcells  of  station  and  its 
connectioa/coaaunication  with  the  busbars  of  district  substation  are 
known.  Is  assigned  the  type  of  the  switch  V,  which  can  be 
established/installed  on  the  waste/exiting  line  of  district 
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nbstatioa.  Ob  reference  data  or  catalog  to  the  switches  (see  Table 
M*|  flad  poser  cutoffs/discoaaectloas  sutK  of  assigned  type  switch 
(eith  the  assigned  voltage;  for  greater  detail,  see  chapter  17). 

It  is  obvious  that  the  switch  ▼  can  be  established/installed  on 
sebstatioa  only  ia  such  a  case,  shea  the  nltratransitory  power  of 
short  circait  at  point  K-1  does  not  exceed  the  power  of  the 
catoff/disconnectioa  of  switch,  i*e. ,  if  is  observed  condition 


after  deter aiaing  the  poser  of  short  fros  station  s"„k-i  and 
after  accepting  sk-i'—s o«-  is  deterained  by  the  greatest  possible 
poser  of  short  circait  fxoa  the  systea: 

c"  _ c  _ c" 

°c  .K-l  — °OTK  °CT.K-1  • 

Then  is  deterained  the  resistor/resistance  of  systew  to  point 
K-1  by  foraela  (8-71)  or  (6-72)  depending  on  whether  are  expressed 
oh wages  or  relative  oaity.  la  the  case  of  calculation  in  question 
accept  SCHOM  —  oo.  therefore  the  relative  resistor/resistance  of 
systea  according  to  fornola  (6-72)  is  deterained  at  certain  base  lin^ 
power  (sabstitating  ia  this  foraela  S6  for  SC1101<). 

Farther,  are  designed  short-circuit  currents  on  the  assumption 
that  periodic  coaponent/tera  of  current  froa  systea  in  tine  does  not 
change* 
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Ib  the  case  of  connection  to  th«  system  of  sabstation  the 
resistor/resistance  of  systen  bj  the  knows  typo  of  switch  is 
deter ained  analogously,  equalizing  the  power  of  the 

entoff /disconnection  of  the  switch  of  the  power  of  short  circuit  from 

systen. 

Brae  pie  6-9,  To  deteraiaa  !**•  S*(  and  /«  daring  three-phase 
short  clrceit  at  point  K-2  in  the  diagraa  of  Pig.  6-3la,  where  are 
given  all  necessary  for  calculation  data.  At  station  are 
estahlished/last ailed  the  turbogenerators  with  autoaatic  field 
regalators. 

The  poser  of  the  catoff/disconnection  of  switch  v  with  voltage 

110  kT  is 


5ot,  -  4  000  if  A, 

Let  as  assnae  that  periodic  con pone nt /tern  of  short-circuit 
current  froa  systen  in  tine  does  not  change,  i,e. ,  that  point  K-1  for 
the  generators  of  systen  is  distant. 


*e  carry  oat  calculation,  expressing  oh wages.  For  base  line 
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voltage  vo  accept  the  aediua  voltage  of  the  stop/stage  of  the  short 
circa it 


»o  coopato  tho  resistors/resistances  of  all  network  elements  in 
okas  with  tho  base  line  voltage  accepted  and  inscribe  them  in  the 
diagran  of  the  sobstit ntion: 


*1  — 
0.117-115*0.9 

"■ — ns — 


*"  u * 

*•4 


x,*=x, 

10.5 


100 

=  x.  ■ 


“  100  srMOH' 
,,5,-11.6^ 


120 

■  <0-0.4 


■  16  om. 


Key:  (1) •  oha. 


■e  deteraine  the  ultratraasitor y  power  of  short  circuit  from 
station  at  point  1*1: 


•pc* 


M  +  11.6  ,  16  \)N 

1 - g - +-j**“16.5  om; 


115* 


,'F 


5cr.*-/",'i6T“8(K)  AU°- 


Key:  (1).  oha.  (2).  BVK. 


a) 

Pig.  6-31.  network  and  rcplacaaut  schea«  for  exaaple  of  6-9. 

Ray:  (1).  Systen.  (2).  kV.  43).  fi/kn.  (4).  rta.  45).  on  100  no. 

Pag*  110. 

deternine  tha  resistor/resistance  of  systen. 

Barinan  possible  power  of  abort  circuit  fron  the  system 

Sc  =  4  000  —  800  =  3  200  ■VI 
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9n 


tl«>  tccorilag  to  t on  ala  (8*71) 


U*  >15'  .  mhm 

S^7“32W  1  "** 


Short  circuit  at  point  1-2. 


datum  in  a  tha  resulting  raaistor/raaistance  of  short  circuit: 


*pm.c  =  4  •  *  +  T 


‘12.1  'bM. 

^pea^r  3  8.53  <5*; 


12.1-8,53 


& 


•*pcj  X-i"^  12,1  +a,53  3=5  ou~ 


Kay:  (1)  •  oha. 

Than 


/ 


«i 

x-j 


115 

K3-5 


-13.2 


kl 


5"}«^31I513.2~  2  530  ltd. 


la  will  dataraina  tha  staady  short- circait  cor rent,  fiowinq  into 
point  1-2.  According  to  coaditioa  accapt  that  pariodic  cosponent/tern’ 
of  short-circuit  currant  froa  systaa  in  tina  doas  not  change; 
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tktrafoct 


us 


3- 12. 1  58:5,8  ***- 


Proa  the  generators  of  station  by  that  baing  steady  the  current 
at  point  1-2  asst  be  deterained  by  calculated  curves  in  Fig.  6.25. 


Calculated  resistor  Assistance  froa  the  generators  of  station  to 
point  1-2 


S&M  l*pt».CT 


333-8.53 


••piCWT 


where 


uo 


115* 


■0.21. 


3-100  „„„ 

- 333  l,i* 

On  calculated  carve  for  t««  we  find 

'•a.-2-55  *4 


then 


/0,tt-2.551.7»te4.3 


hi 


where 
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/aaH 


as  1.7 


kt. 


Is  final 

7«oX^  =  /«oe  +/oo«r  *“5’5  +  4l3  “  9'*81« 

Exanple  6-10.  To  determine  and  /»  daring  three-phase 

abort  dr  emit  at  point  K  in  the  diagran  of  Pig.  6.32a  where  are  given 
all  data,  accessary  for  calcalation.  it  both  stations  are 
astablishad/inat ailed  the  tarbogenerator s  with  aatonatic  field 
ragnlators. 

Raplaeaaant  schaaa  is  given  in  Pig.  6-32b.  Be  will  take 
s6=ioo  in,  «a  bring  to  it  entire  relative  resistances  and  we 
inscribe  then  on  the  equivalent  circuit. 

Be  convert  the  triangle  of  resistors/resistances  x10,  xn  and 
in  into  the  equivalent  star  of  resistors/resistances  inr  x,«  and 
>•••  ntilining  fornulas  (6-24}.  and  after  sinple  conversions  we 
obtain  the  sinplified  replaceaent  scheae.  given  in  Pig.  6.32c. 

Be  deternine  the  initial  values  of  short-circuit  current,  short 


circuit  is  assuaed  on  the  busbars  of  the  generator  voltage  of  power 
plant  ST-2;  therefore  during  detereination  i r  We  should  accent,  for 
the  branch  of  generators  of  station  ST~2  *y  — j,v,  and 
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of  tyatta  S  and  station  ST-1  *»-‘A 


Vs  acospt 


u6-uCf- 10.5  kV 


tksn 


100 


*6  1/  .. 


V  3-10,5 


'5.5 


kk. 


Pros  station  ST-1  and  sjstsa  S: 


0,127.0,097  .  „  ' 

V  0.127  +  0,097  +0, 197  ”  WS. 
7”c^l“05""22  kk» 


Pros  tho  gsnarators  of  station  ST- 2: 


0,422 

*n—~T“  ‘^an: 


,**  _  S,5 

“^ki. 


Total  valuta  of  tha  initial  currants,  which  flow  into  point  k 

/«-22  +  2e-48fcfl; 
ly_l,8yT-22+l,9  PT.2S.I26  /{ft 
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1 


»•  deteraine  the  stead;  currant  fron  the  generators  of  station 

ST- 2: 


25  i*l 

SHOU  I  “  2_078  *“62,5  M,ai 

62,5  ..  (jN 

^««i“/3.10,5  "3*44  ** 

*  100  *=a®’*22- 


Key:  (1).  m.  (2).  kl. 


on  calcolated  carves  in  Pig.  6-25  with  t*-  we  find 


then 


/•a.  “  2.75, 


/„ otrJ -i.re.s.waaB.s  k A. 

■e  detersine  by  that  being  steady  current  froa  systew  s  and  st-1 
station  taking  into  account  different  changes  in  periodic  in 
coaponeat/tera  of  short-circuit  current. 

Page  111. 

le  pass  to  radiation  diagraa  |Pig.  6-32d) ,  after  using  formulas 


<«-70)  : 
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+0,197  + 


*n 

0,127-0,197 


0,097 


-0,127  + 
0.68; 


'•Ptl.  CT-I 


*  *11  +  *1.  + 


*11*1. 


*>• 


=  0,097  + 


.  .  .  0.097-0,197 

+  0, 197  +  0,127  ” 


Tkt  steady  current  fro a  systea  S.  Since  the  power  of  system  is 
oaliaitedly  large,  then  periodic  coaponent/tera  of  current  from  it 
does  not  change  and  can  be  deter ained  according  to  foraula  (6-29): 


U 

^pet.e 


5,5 

jj^g-8,1  ki. 


Steady  current  froa  station  ST- 1: 

o  „  100  v5\ 

^ttou  £  —  2  q  9  =  222  Alda; 

.  222  & 
1  “K3-- ,0.5  “12>2 
„  222 

^•pac-i.cT-l  ^  0,-1 4  |  0,98. 

Key:  (1|.  m.  (2).  ki. 


Oa  calculated  curves  with  t*=  we  find 


then 


IM  ki. 
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Total  value  of  tho  steady  current,  which  flows  into  point  K, 

/#b-»,6+8.«  +  U.4-38  kA. 

It  is  interesting  to  note  that  the  steady  short-circuit  current, 
which  flows  into  point  K  fros  systes  s  and 

c'T-i  (/«,  e+/„et.i —8.J  +  u.4  —  22,5  ^  ft  )  in  practice  does  not 

differ  fros  ultratransitory  current  froa  these  sources  *-'22 
kA) •  Therefore,  it  is  clear  that  in  the  cases,  siailar  to  *hat 
examined,  one  ought  not  to  coeplicate  calculations  by  the 
isolation/liberation  of  branches  froa  the  sources,  considerably 
removed  froa  the  place  of  short  circuit,  as  about  this  it  was 
indicated  in  §6-9. 

■sample  6-11.  To  deteraiae  .  /".  ir  sr  and  during  three-phase 
short  circuit  at  points  K-2  aad  K-3  in  the  diagrae  of  Pig.  6-33, 
whera  ara  givaa  all  necessary  data.  Systes  consists  of  a  series/row 
of  the  hydroelectric  power  plants,  on  which  are  established/inst al lei 
the  hyiraslic  generators  with  deeper  windings,  the  equipped  with 
autoaatic  field  regulators. 

Ve  accapt 


S0  =  5, 


-&°o  (V\\iA 
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Pig.  6-32.  Network  and  replacenent  schese  for  exanple  of  6-70. 


My:  (1).  Sjsten.  (2).  k  V.  (3).  MV  A.  (4).  on  100  HVA. 


Png*  112. 


Ike  calculated  resistor/resistance  of  systen  we  determine  from 
fornnla  (6*72) : 

SC.HOM  600 

**c  “=  X.pK.  K-l  “  ^  “  1  000  *“  °’5- 

Ve  connect  of  substitution  and  we  lead  all  resistors/resistances 
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to  base  lino  power. 

Short  circait  at  point  «-2* 

1 .46 

**!>«:«  K-i  ” ' °* 5  "•  2  “  1  •23- 

On  calculated  carves  on  Fig.  6-26  ve  find  the  relative  values  of 
currents  when  +°.°7  =  i-34-  o,o7~  i.3  (since  hydraulic  generators 

they  are  eqaipped  with  daapor  windings) : 

1"  c  o,83  and  =  0.97. 


vith  ub  -  37  »  and 


_5 00 _ 
f  3-37  ^ 


7.8  hi 


we  find: 

r  =  0.83.7.8=t6.5  ko\ 
/y-l,8^?-6£%>7  ko& 
S"  -0,83-500  -  415  M*a;& 
/„  =  (>, 97-7, 8=t7. 6  ko.O 

ley:  (1).  hi.  (2).  nil. 


Short  circait  at  point  1-3. 


3,75 

*»p«CT.  2  ^ 
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Since  the  point  of  short  circuit  distant*  then  with 

w6-wci,-m  fct 


and 


^ UOM  t  ™ 

I-  „  / 

•  1  oo 


S00 

KJ-6.3 

45.7 

“  3.1  ' 


-45.7  Ka\ ^ 
14,7  kv.G' 


/y.=  1.8/2. 14,7  =s  38  ko-G 
500 

s«  “*371^  160  A,,a- 


Key:  (1).  ki.  (2).  bti. 

6-11.  Deteraiaation  of  short-circuit  current  taking  into  account 
injection  fron  asynchronous  electric  notors. 

Let  us  ezaaine  the  effect  of  asynchronous  electric  aotors  on  the 
value  of  the  short-circuit  current*  using  diagran  in  Pig.  6-34,  where 
is  shoun  electric  aotor  D*  connected  to  certain  point  k  of  electric 

systea. 

for  an  initial  aonent  of  short  circuit  generator  and  electric 
aotor  ee  introduce  into  diagraa  by  their  by  ultratransitory  cf  emf 
8**  and  L\  and  ultratransitory  resistors/resistances  x"d  and 
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In  the  10ml  operation  of  nf  of  electric  motor  the  somewhat 
lose  coad acted/s applied  to  it  voltage;  therefore  electric  motor 
obtaims  feed  froe  network.  Daring  short  circuit  the 
condacted/sapplied  to  electric  notor  voltage  is  reduced  and  car.  prov 

to  be  abeve  or  below  eaf  of  engine. 


WOC  -  79  *34MH&7 


F16£ 


Pig •  6-33.  leteork  and  replaeeaeat  acbeae  foe  exaaple  of  6-1 1. 


Key:  (1|.  HVt.  (2).  kV.  (J|.  a/km. 


rig.  6-36.  Diagraaa  taking  into  connidoratioa  of  injection  of  place 
of  abort  circnlt  fcoa  asynchronous  electric  aotors. 


Page  113 
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If  daring  short  circuit*  for  exnnple  at  point  K- 1  (Pig.  fc-^la)  it 
proves  to  Ds  that  ua>K'  than  oloctric  notor  will  continue  to  work 
with  tho  lover ed/red need  rotational  spaed  (since  u,<uAWV), 
consaaiag  current  froa  network.  Bat  if  it  proves  to  be  that  6'A<£", 
then  electric  aotor  will  generate  current  into  the  place  of  damage 
K-1,  as  shova  by  broken  rif lean n/ pointers  /"  ia  Pig.  6-34a.  in  this 
case  the  electric  aotor  rapidly  brakes  and  the  sent  by  it  current 
into  the  place  of  daaage  greatly  rapidly  decreases. 

Daring  short  circuit  the  engine  proves  to  be  connected  to  the 
place  of  the  short  circuit  through  certain  external  resisting 
which  liaits  the  strength  of  current  /".  Therefore,  if  resisting  jcw2 
is  great*  then  the  effect  of  electric  aotors  on  short-circuit  current 
at  point  K-1  is  so  insignificantly  that  it  it  is  possible  not  to 
consider. 

Incoaparably  larger  effect  on  the  value  of  ultratransitory 
short-circuit  current  in  the  place  of  danage  have  the  asynchronous 
electric  aotors*  connected  near  the  place  of  danage  as  for  a  point 
1-2  ia  the  diagraa  of  Pig.  B-34B  (case  -0,  i.e.  short  circuit  on 
the  outputs  of  engine) • 
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tf/l 


fk«  ultra transitory  currant  of  three~phase 
asynchronous  elactric  aotors  with  short  on  thair 
can  ba  deterained  by  tha  for aula: 


E 

/"  =  —  / 

*  ••  AMOK' 


(6-73) 


short  circuit  from 
conclusion/output 


vhara  -  asf  of  alactxic  aotors  at  tha  initial  aoaent  of  the  short 
circuit; 


xu  -  resisting  of  alactric  aotors  at  tha  saae  aoaent  of  the 

tiaa; 


a.hom  -  tha  rated  currant  of  anginas. 

If  is  known  tha  starting  currant  of  engine,  then 

.  i 

/.  „yC< 

where 

f  '  ^nycK 

* • nycK  /  • 

'AHOK 

On  tha  average  it  is  possible  to  accept  £^  =  0.9  and  ^=0,2; 

than 

■  (6’74) 

Total  value  of  ultratraasitory  currant  in  tha  place  of  the 

da a age 

/"=/;+/;.  (6-75) 


Aperiodic  coaponant/tara  of  circuital  currant  of  asynchronous 
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electric  aotors  attenuates  so  rapidly  that  daring  tha  determination 
of  its  impact  currant  they  do  not  considar.  Therefore  the 
fall/total/co aplata  value  of  impact  current  in  the  place  of  damage 
will  con prise 

iy  =  Ay]/2/;+^2X  (6  76) 

Daring  the  datarainatioa  of  tha  affective  value  of  full  current 
during  first  period  ly  mad  ail  values  of  short-circuit  current  into 
another  point  in  tine  the  iajoction  of  the  place  of  short  from 
induction  motors  considered  should  not  be. 

Thus*  daring  conputetion  1**  and  »’y  should  be  considered  only 
the  large/coarse  electric  aotors*  directly  connected  near  the  place 
of  daange.  In  this  case  tha  effect  of  asynchronous  electric  motors  on 
the  values  of  short-circuit  current  indicated  especially  manifests 
itself  sith  the  large  electrical  distance  of  the  place  of  short 
drcait  fron  fundamental  supplies  of  power  (at  the  high  value  of 
resisting  xMl  in  Fig.  6-34)*  for  exaaple,  daring  deteraination  of  I" 
and  *>  nt  the  secondary  voltege  of  large/coarse  industrial 
substations*  in  the  network  3-6  k¥  of  its  own  needs  of  power  plants, 
etc. 


To  large  power  aotors  should  bn  related  the  engines  with  a  power 
of  1000  kVA  nad  aore.  If  to  one  point  are  connected  several  engines 
of  sealler  power*  bat  ia  sun  they  coaprise  not  less  than  1000  kVA, 
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then  then  should  be  considered  as  oh  angina  ahoaa  power  is  equal  to 
the  total  ponar  of  thasa  anginas* 

M2,  leyseetric  short  circuits* 

Saaaral  coasidarnticns  of  tka  calculation  aethod.  During 
nsynaatrie  short  circnits  tka  currants  in  phases  have  different  value 
at  diffaraat  angles  of  displncasant  between  thea*  ire  asymmetric  the 
created  by  then  voltage  drops  in  phases* 

Page  114. 

Pandaaental  aeans  of  asyaaetric  short  circuits  are  two- phase  and 
single-phase  short  circuits,  and  also  two-phase  short  circuit  to  the 
earth,  i.o»,  closing/shortiag  between  two  phases  with  the 
siseltaaeous  closing/shorting  of  the  sane  point  to  the  earth. 
Single-phase  short  circuits  sad  two-phase  short  circuits  to  the  earth 
are  possible  only  in  networks  with  the  neutrals,  grounded  dead  or 
through  eoaparatively  low  inductive  reactances  (reactors),  i.e., 
virtually  in  networks  by  voltage  110  kT  it  is  above  (see  §5-3); 
single-phase  short  circuits  are  possible  also  in  four-wire  networks 
by  voltage  380/220  and  220/127  f  (between  the  phase  and  neutral 
conductors;  see  §3-1), 
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Car rents  and  voltages  of  asjaaotric  short  circuits  aost  simply 
are  determined  with  the  aid  of  the  aethod  of  syaaetrical  components 
•hose  essence  consists  in  the  fact  that  any  asynaetric  three-phase 
systen  of  raises  (currents,  voltages,  nagnetic  fluxes,  etc.)  can  be 
asasbiguossly  deconposed  on  three  balanced  systens  of  values,  which 
are  characterised  by  one  froa  another  by  value  and  by  sequence 
(order)  of  alternating  the  phases.  These  sysaetrical  components  of 
value  systen  are  called  of  straight  liae  (positive),  reverse 
(negative)  and  null  sequences. 

The  systen  of  forward  sequence  is  of  the  order  of  the 
slternstioa  of  phases  ft,  B,  C,  while  the  systee  of  backward  sequence 
•  respectively  reverse  order,  i.e.,  ft,  C,  B.  The  systea  of  null 
sequence  consists  of  throe  identical  values,  cophasal. 

Tbs  values  of  the  balaaced  systens  of  straight/direct,  reverse 
and  null  sequences  accent  to  designats  by  indices  vith  respect  1,  2 
and  0. 


Ia  §6-1  it  was  iadicatsd  that  in  the  practical  calculations  of 


carreats  and  voltages  during  short  circuits  they  proceed  from  the 
equelity  of  resisting  of  phases,  i.e.,  fron  synnetrical  fulfilling  of 
the  phases  of  three- phass  circuit. 
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la  such  bilateral  circuits  tbs  Oha's  lavs  and  Kirchhoff  can  be 
appliad  individually  to  sach  coaponent  of  balanced  systen  of  values, 
•tick  considerably  siaplifies  all  calculations.  The  large  advantage 
of  the  aethod  of  syaaetrical  con pone nts  short-circuit  study  is  in 
connection  vith  the  fact  that  it  redaces  the  confutation  of  currents 
and  voltages  daring  asynnetric  short  circuits  to  the  sinple 
co a pa tat ion  of  these  values  during  certain  conditional  (fictitious) 
three-phase  short  circuit.  Therefore  everything  presented  earlier  in 
the  relation  to  the  calculation  of  currents  and  voltages  during 
three-phase  short  circuit  is  utilized  also  during  the  computation  of 
these  values  daring  asynnetric  closings/shortings. 

The  bases  of  the  aethod  of  syaaetrical  coaponents  are  set  forth 
in  the  coarse  of  theoretical  electrical  engineering  [6-4],  Let  us 
recall  the  briefly  basic  condition/positions  of  this  aethod.  As  it 
spoke  above,  any  asynnetric  systen  of  vectors  A ,  B  and  c  (Fig.  6- 35a) 
it  is  possible  to  unanbiguously  replace  vith  three  balanced  systems 
of  vectors  of  the  straight  line  A(,  Bi#  by  Ct,  reverse  Az,  Bz,  c ?  and 
for  the  zero  ls>  B0,  c#  sequences  (Pig.  6-35b-d).  with  respect  to 
this  each  of  the  assigned  asynnetric  vectors  i.  B  and  C  can  be 
presented  in  the  fora  of  vector  sun  of  its  three  syaaetrical 
coaponents  of  straight/direct,  reverse  and  null  sequences  (Fig. 

«-35e| : 


A  =  A>  +  At  +  A,; 
6=  *,  +  £,  +  £. 
£|4*  6,-f- 


(6-77) 
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Pig,  8-35.  hsjnaetric  systea  of  three  rectors  and  their  symmetrical 
component. 


Pago  115. 

Proo  theoretical  electrical,  engineering  it  is  also  known  [ for 
6*9]  that  the  salt ip li cation  of  any  rector  by  the  coaplex  number 
<*— e/,a,*  =  cos  120° 4- /sin  12C,  =  --i--fy  ip 

is  egeiraleat  to  the  rotation  of  this  rector  at  an  angle  of  of  120° 
in  clockwise  positire  of  rectors*  i.e.«  counterclockwise.  This 
coaplex  aasher  a,  called  the  operator  of  phase  (or  phase  factor) ,  is 
the  rector  whose  aodulus/nodule  is  equal  to  one,  and  argument  of 
120*. 


The  salt iplicat ion  of  rector  on 


a’ 
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is  respectively  equivalent  to  its  rotation  on  240°  in  clockwise 
posit ins  of  vectors. 

Using  the  operator  of  phase*  it  is  possible  rectors  symmetrical 
conponent  to  express  by  the  vectors  of  any  phase,  accepted  as  basis, 
for  exaeple  through  the  vectors  of  phase  A: 

for  the  vectors  of  forward  sequence 

fi,  =  aM,  Qf)t{-  €,==0/1,;  (6-78, a) 

for  the  vectors  of  backward  sequence 

6 

&t  =  aA,  sad  =  (6-78.0 

/ 

for  the  vectors  of  the  sail  sequence 

A,  =  £.  =  €,.  (6-78,  t) 

Substituting  these  values  is  equation  (6-77)  we  obtain: 

^  —  +  + 

a}A,  -|-  aA,  -f-  (6-79) 

C  =  aAx  -f-  aM,  -f-  At. 

Thus,  with  the  use  of  aethod  of  synnetrical  components  is 
sufficient  to  calculate  the  values  of  synnetrical  conponents  only  for 
one  any  phase,  for  exanple  A,  according  to  which  it  is  already  not 
difficult  to  define  both  synaetrical  conponent  for  two  other  phases 
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•ad  full/total/coaplete  values  of  the  cocres ponding  phase  values. 

is  a  result  of  the  joint  solution  of  equations  (6-79)  we  obtain 
the  following  foraulas,  which  ante  it  possible  to  determine  the 
synnetrical  coaponeats  of  phase  A,  accepted  for  the  basis: 

^T^  +  ^  +  a’C): 

^.  =  T  (A  +  a'B-\-aC)\  (6-80) 

A,  =  -±(A  +  B  +  C). 

Being  guided  by  these  eapressions,  is  not  difficult  graphically 
to  define  the  syaaetrical  coaponents  of  the  assigned  system  of 
vectors  as  this  shown  in  Fig*  6-36. 

Vector  sua  of  the  values  of  forward  sequence  is  equal  to  zero: 

*  9  t  **  r 

*»*®i+C|**i*a,lltaI|*», (1+a*a*) *0,  since 

l+a+aJ=l — — j  —  /4j— ==0-  Then  is  related  also  to  vector  sum 

of  the  values  of  backward  segnence.  Thus,  value  systens  of 
straight/direct  and  backward  sequences  not  are  only  syaaetrical,  hu* 
also  are  balanced.  In  contrast  to  this  the  balanced  system  of  th= 
values  of  null  sequence  is  sot  balanced,  since 

-4,  +  6,  +  C,  =  34.^0. 

Ill  given  equations  are  valid  both  for  the  currents  ana  for 
voltages  during  the  asyaaetric  aodes/conditions  of  three-phase 
installations. 
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Daring  nay  asymmetric  closing/shorting  of  phase  to  the  earth  (to 
aentral  conductor)  the  sjstea  of  phase  voltages  contains  the 
coaponsnts  of  null  sequence.  In  contrast  to  this  the  system  of 
interphnss  voltages  is  always  balanced  and  the  components  of  null 
sequence  never  it  contains. 


According  to  (6-80)  vector  sun  of  unbalanced  system  of  currents 
is  equal  to  the  triple  current  of  null  sequence,  flowing  in  the 
earth/groand  (neutral  conductor)  in  this  section  of  network. 


The  asynaetric  currents,  flowing  through  identical  resisting  of 
circuit,  create  asyanetric  voltage  drops  in  the  phases  which  can  be 
decomposed  on  symmetrical  components.  In  this  case  a  drop  in  the 
voltage  of  forward  sequence  is  created  by  the  current  of  forward 
sequence,  a  drop  in  the  voltage  of  backward  sequence  -  by  a  current 
of  backward  sequence,  etc*,  i.e..  the  current  of  each  sequence 
creates  a  drop  in  the  voltage  of  the  same  sequence. 
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Pig.  6-36.  Graphic  det erainatioa  of  the  syaaetrical  coaponents  of  the 
asyaaetric  system  of  vectors  A,  B  and  C. 

At  the  aaae  tiaa  inductive  reactances  to  the  currents  of 
different  sequences  of  one  aad  the  sane  network  eleaent  can 
considerably  be  distinguished  by  the  value  (see  below).  Let  us 
designate  through  xt>  x,  and  xa  inductive  reactances  of  the 
straight/direct,  reverse  and  null  sequences  of  network  element  with 
respect  to  the  currents  of  the  corresponding  sequences.  Then 
syaaetrical  component  the  iacideaces/drops  voltages  in  network 
eleaent  coaprise  (phase  values) : 

a?.  =  /./*.;  1 

}  (6-si) 

kU,  =  tjx,.  f 

In  syaaetrical  onea  three-phases  circuit  it  is  possible  to 


count,  as  noted  above  that  the  syaaetrical  coaponents  operate 
independently.  This  aakes  it  possible  to  coapose  separate  replacement 
sc hones  for  each  seguence  (see  Pig.  6-37). 
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Daria?  synaetrical  three-phase  short  circuit  voltage  in  the 
place  of  short  circuit  is  equal  to  zero;  daring  asyaaetric  short 
circaits  ths  voltage  in  tha  placs  of  closing/shorting  not  equal  to 
ssro  is  asyaaetric. 

Daria?  calculations  of  asyaastric  short  circuits  they  proceed 
froa  ths  fact  that  in  generators  is  induced  only  by  eaf  of  forward 
sequence;  ehereas  the  effect  of  the  currents  of  reverse  and  null 
sequences  consider  by  introduction  to  the  calculation  of  the 
iacidences/drops  voltages  froa  the  currents  indicated  in  resisting 
corresponding  sequences  of  generators.  In  accordance  with  this  in 
replacenent  scheaes  indicate  only  eaf  of  forward  seguence  of  power 
supplies  and  synaetrical  coaponents  of  voltages  in  the  place  of 
short,  but  eaf  of  reverse  and  null  sequences  consider  it  equal  to 
aero  (Pig.  6-37)  . 

Taking  into  account  the  aforesaid  above  and  being  guided  by 
second  Rirchhoff's  law.  it  is  possible  to  deteraine  the  symmetrical 
coaponents  of  voltage  ia  the  place  of  short  circuiting; 

^ki  =  e  —  ^a,i/-*i  p,,; 

(6-82) 

—  6  —  lKJx0  pcl  , 

where  UKX,  0K2  and  0M  -  synaetrical  con  pone  nt  voltages  in  the  piac 


DOC  *  7913480?  PAGE  #3 

short  circuits; 

Ao»  An  sad  /„  -  th«  syaaetrical  components  of  current,  which 
flow  into  the  place  of  the  short  circuit; 

■*!»«•  x2pu  aad  xo pm  -  resulting  resisting  of  straight/direct, 
reverse  and  null  seguences  of  short  circuit  (switching  on  power 
supplies)  ; 

4  -  resulting  eaf  of  forward  sequence  of  the  sources,  which  feed 
the  short-circuited  circuit  (phase  value). 

Paailiariaatioa  with  the  given  in  Pig.  6-17  resulting 
replacesest  scheaes  of  three  sequences  aakes  it  possible  to  draw  the 
conclusion  that  the  foraatioa  of  the  currents  of  reverse  and  null 
sequences  can  be  considered  as  the  result  of  the  onset  in  the  place 
of  the  short  circuit  of  tije  voltages  of  the  corresponding  sequences. 

It  is  clear  that  in  proportion  to  advance  for  circuit  from  the 
place  short  to  power  supplies  the  voltage  of  forward  sequence 
grows/rises  froa  0K)  to  4,  aad  the  voltages  of  reverse  and  null 
sequences  decrease  respectively  on  UK3  aad  0M  to  aero. 
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Pig.  1*37.  Resulting  Uag;tM  of  straight  lino  (a),  reverse  (b)  and 
aero  (c)  sequences. 

Page  117. 

•esistiag  of  different  segaeaces  [6-5],  Inductive  react  mce  of 
forward  seguence  of  any  network  eleaent,  that  its  inductive  reactance 
daring  the  synaetrical  aode/ conditions  of  phases,  i.e.,  the 
resistance  of  which  previously  was  accepted  during  the  computation  of 
the  carreats  of  three~phase  short  circuit,  since  the  latter  are 
actually  the  synaetrical  currents  of  forward  sequence. 

Inductive  reactance  of  reverse  sequence.  For  those  network 
eleaeats  whose  autual  induction  between  phases  does  not  depend  on  the 
order  of  the  alternation  of  phases,  inductive  reactances  of 
straight/direct  and  backward  sequences  are  identical,  i.e.,  x?=xt. 


A 
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Sack  ele neat s/ee 11s  include  air  and  cabla  lines,  reactors, 
traaaforaers. 

Ia  the  rotating  aachinea  the  cnrrents  of  backward  sequence 
create  the  aagaetic  flax  of  the  stator  which  rotates  against  the 
directioa  of  rotation  of  the  rotor  of  aachine,  i.e. ,  it  has  dual 
aagelar  velocity  with  respect  to  the  rotor  of  aachine.  This  magnetic 
flax  neets  on  its  path  sonewhat  changing  reluctance,  which  depends  o 
the  coast r act ion /design  of  aachine  and  which  differs  from  reluctance 
ia  the  path  of  the  nagnetic  flax  of  forward  segnence,  created  with 
the  currents  of  forward  segnence#  created  with  the  currents  cf 
forward  seqeence,  which  rotates  synchronously  with  rotor.  Therefore 
ia  geaeral  for  the  rotating  aachines  xz^xt . 

Talses  x,  of  synchronous  aachines  are  given  in  plant 
inforaational  aaterials  and  annuals.  In  the  absence  of  these  data  it 
is  possible  to  take  the  foil owing  average  values: 

for  turbogenerators  and  salient  pole  aachines  with  damper 
windings  *,=*  1.22*'; 

tor  salient  pole  aachines  without  damper  windings  jc,=  i.45jc'd 


In  the  approxiaate  practical  calculations  of  asyametric  short 
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circuits  usually  for  tor bogs aerators  and  saliont  polo  aachines  with 
daapor  wiadiags  acoopt 

lad active  reactance  of  soil  sequence.  Blectrical  aachines.  if 

the  windings  of  the  stator  of  aachine  were  coapletely  symmetrical, 

then  the  sagnetic  fluxes  of  the  aull  sequence*  created  in  the 

windings  of  three  phases  of  stator  by  the  flowing  on  then  currents  of 

null  sequence*  coapletely  aotoally  were  cancelled  out.  However,  as  a 

result  of  certain  asyaaetry  of  the  stator  windings*  caused  by  the 

design  features  of  nachiae,  full  of  the  conpensation  for  the  magnetic 

fluxes  of  null  sequence  it  does  not  occur.  By  the  saall  value  of 

these  uacoapensated  for  sagnetic  fluxes  of  null  sequence  is 

deternined  a  comparatively  snail  value  of  inductive  reactance  of  the 

null  sequeace  of  synchronous  aachines*  which  usually  coaprises 
(0.15—0,6)  x". 

Por  the  synchronous  condensers  and  large/coarse  synchronous 
electric  aotors  in  the  absence  of  plant  data  it  is  possible  to  accept 
xt*0.2l  and  xo*0.08. 

Beactors.  As  a  result  of  ssall  autual  induction  between  the 
coils  of  reactor*  the  distaace  between  which  is  sufficiently  great, 
it  is  possible  approxinately  to  accept  x^i,. 
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Aerial  lisas.  After  all  to  the  noil  sequence,  which  take  place 
in  three  phases  of  line,  they  return  to  grounded  neutrals  of  the 
network  through  the  eartfc/9coead  (Fig.  6-3 8a) •  Inductive  reactance  of 
null  sequence  x0  of  the  phase  of  line  is  deternined  by  inductive 
reactance  of  self- in diction  xt  of  the  loop  of  current  "wire-groun d" 
and  by  inductive  reactances  of  nutoal  induction  *M  of  the  wire  of 
this  phase  with  the  sires  of  other  two  phases: 

=  + 

(on  air  electric  power  lines  they  fulfill  the  transposition  of  wires, 
which  makes  it  possible  to  take  identical  value  for  any  pair  of 
wires)  • 


DOC  -  79194807 


PAGE 


Fig.  8*98.  Coarse  of  the  cur roots  of  null  sequence  in  line,  a) 
without  coble  on  the  line;  bj  with  cable  on  line. 

Page  118. 

The  depth  of  the  coarse  of  terrestrial  current  depends  on  its 
conductivity:  in  well  conducting  soil  the  terrestrial  current 
flows/occurs/lasts  at  the  cooperatively  snail  depth;  on  the  contrary 
in  the  badly/poorly  carrying  out  soil  (granite,  scales,  etc.)  the 
current  flows/occurs/laats  at  considerably  larger  depth,  with  an 
increase  of  the  depth  of  the  course  of  terrestrial  current  increase 
the  width  of  the  loop  of  current  the  wire  -  earth/ground  and  its 
inductance  and,  consequently,  also  resistance  of  the  null  sequence  c 
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Thus,  resisting  of  tbs  sail  sequence  of  line  depends  on  ground 
conductivity. 

If  11ns  is  shielded  fros  the  direct  inpacts  of  lightning  by 
ground  wire  (or  cables),  then  inverse  current  by  part 
flovs/ocears/lasts  in  the  earth/ground.  and  by  part  the  cable  (Fig. 

6- 3 8b)  .  The  separation  and  cable  is  considerably  lover  than  ti.<? 
distance  fron  vires  to  terrestrial  current;  therefore  the  inductance 
of  loop  wire  -  it  increased  less  than  the  inductance  of  loop  wire  - 
the  earth/gronad.  is  a  result  this  presence  of  ground  wire  it  leads 
to  the  decrease  of  inductive  reactance  of  the  null  sequence  of  line. 

Vith  the  decrease  of  the  effective  resistance  of  ground  wire 
increases  the  share  of  inverse  carrent  in  it.  vhich  leads  to  the 
decrease  of  inductive  reactance  of  the  null  sequence  of  line,  steel 
cables  virtually  little  affect  value  x0  of  line,  cables  from  the  well 
carrying  out  aetals  (steel-aluainua.  copper)  considerably  decrease  x0 
the  lines. 

Inductive  reactance  of  the  null  sequence  of  the  twin-circuit 
lines  soaeehat  nore  than  singe-circuit  ones,  as  a  result  of  the 
inductive  effect  of  the  currents  of  null  sequence,  flowing  in  the 
vires  of  adjacent  circuit. 
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la  th®  approxiaate  coaputatioas  of  short-circuit  currents  it  is 
possibls  to  tako  tha  corractod  below  average/aean  values  of  x0  a^ria 
liaas  (with  X|«ZzsO. 4  Q/ka): 

for  liaas  vithoat  cables  or  with  steal  cables: 

singe-circuit  •••  x«s1.h  Q/ka 

twin-circuit  ...  x 0*2.  2  Q/ka. 

for  liaas  with  cables  froa  the  wall  carrying  out  aetal: 

singe-circuit  ...  xo»0.8  Q/ka. 

twin-circuit  ...  x0«1. 2  Q/ka. 

Power  cables.  In  approziaate  computations  for  power  cables  it  i 
possible  to  accept  z0*(3.S*<».f)  i(. 

Power  transforaers.  Inductive  reactance  of  the  null  sequence  of 
transforaers  depends  on  their  coastruction/design  and  diagram  of 
coaaectioa  of  windings. 


Let  us  first  of  all  note  that  the  currents  of  null  sequence 
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cannot  flow/occar/last  through  tbe  windings  of  transformers, 
connactad  into  star  without  tha  grounding  of  neutral  or  without 
neutral  coadactor,  since  the  sua  of  the  currents  of  the  null  sequence 
of  three  phases  3IS  is  not  equal  to  aero*  which  is  compulsory  for  the 
currents*  flowing  through  the  star  without  grounded  neutral  or 
without  neutral  conductor. 

If  line  concludes  with  the  winding  of  transformer,  connected 
iato  triangle*  then  along  this  line  also  cannot  flow/occur/last  the 
currents  of  null  sequence. 

Thus*  if  the  voltage  of  null  sequence  is  applied  to  the 
windings*  connected  into  star  without  the  grounding  of  neutral  or 
without  neutral  conductor  or  bj  that  connected  into  triangle,  then  in 
these  windings  of  the  currents  of  null  sequence  it  does  not  appear 
and  inductive  reactance  of  null  seguence  is  equal  to  infinity  (x0=«) . 

The  finite  value  ;  i«  can  be  only  with  appendix  of  the  voltage  of 
null  sequence  froa  the  side  of  the  winding  of  transformer,  connected 
into  star  with  grounded  neutral  or  neutral  conductor. 

Pig.  4*39  givus  the  diagrnas  of  connection  of  windings  and 
suhstitntion  for  the  currents  of  the  null  sequence  of  the  most  widely 
used  double  wound  and  triple-wound  transforners. 
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For  all  transforaers  independent  of  type  and  construction/design 
with  tha  connection  of  windings  on  diagran  Y 0/&  (Pig.  6-39a) 
in d act ire  reactance  of  the  null  aagaence 

*.  =  *i  +  *u  =  *.- 

In  secondary  winding  of  transforner  is  induced  enf  of  null 
sequence,  and  since  the  phases  of  winding  are  connected  into 
triangle*  then  in  then  appear  the  currents  of  the  null  sequence, 
which  do  not  energe  beyond  the  Units  of  triangle.  Thus,  entire/all 
induced  in  secondary  winding  eaf  of  null  seguence  is 
expeaded/consuaed  on  conducting  of  the  current  of  null  sequence  in 
resisting  of  secondary  winding  xu. 

Page  119. 

In  replacement  schene  the  aforesaid  is  reflected/represented  by  the 
conditional  grounding  of  the  ead/lead  of  branch  a-,,  and  by  the 
cutoff/disconnection  of  the  external  secondary  circuit  (grounding  of 
the  end/lead  of  branch  *u  shows  that  this  with  branch  concludes  the 
path  of  tha  current  of  null  seguence). 


Inductive  reactance  of  the  null  seguence  of  three-phase  groups 
of  single -phases  transforaer  and  three-phase  four-rod  and  shell-type 
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transforaers  should  be  accepted: 

with  the  connection  of  windings  70/To  (Pig*  6.39b)  r0  =  Xj. 

with  the  connection  of  windings  Y0/T  (Pig.  6.39c)  x0=~. 

For  three-phase  tripivotal  transforaers  with  the  connection  of 
windings  IB/I  one  should  accept  +  and  with  the  connection 

of  windings  Y0/T0  should  be  utilized  a  f ull/total/couplete 
ra placement  scheae  in  Pig.  £.39h»  where  that  depending  on  the 

construction/design  of  transforaer,  lies/rests  within  limits 
«= o,3  —  i ,o.  and  winding  iapedances  accept  *i*=  *ii  =  0-5".. 

Replaceaent  schemes  for  the  currents  of  the  null  sequence  of 
triple-wound  transforaers  are  given  in  Pig.  6.39d-f.  Resistance  of 
separate  windings  -*B’  *c*  xn  deteraine  froa  formulas  (6-14). 

Instructions  on  the  construction  of  the  diagrams  of  separate 
seguences.  The  diagram  of  forward  sequence  is  comprised  just  as 
replaceueat  scheae  daring  the  couputation  of  the  currents  of 
three-phase  short  circuit  (Pig.  6-4 Ob). 

The  diagraa  of  backward  sequence  is  conprised  from  the  same 
eleaents/eells,  as  the  diagraa  of  forward  sequence,  since  the 
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currants  of  straight/direct  and  backward  sequences  flow/occur/last 
over  one  and  the  sane  paths.  The  electroaotive  forces  of  backward 
sequence  of  power  supplies  are  accepted  as  the  equal  to  zero; 
therefore  by  the  beginning  of  the  diagran  of  backward  sequence  is  the 
point,  which  unites  the  beginnings  of  all  generator  branches,  and  the 
end/lead  of  the  diagran  -  the  point  of  short  circuit,  at  which  is 
applied  the  voltage  of  backward  sequence,  eaergent  due  to  the 
asyanetry  of  short  circuit  (Fig*  6-«0c). 

The  diagran  of  null  seguence  differs  fron  the  diagrams  of 
straight /direct  and  backward  seguences,  since  the  currents  of  null 
sequence  flow/occur/last  over  the  paths,  distinct  from  the  paths  of 
the  course  of  the  currents  of  three-phase  short  circuit.  The  currents 
of  null  sequence  flow/occur/last  over  three  phases  and  return  through 
the  earth/ground,  ground  wires  of  aerial  lines,  metal  cable 
sheathings*  etc. 

Beginning  the  coaposition  of  the  diagran  of  null  sequence,  it  is 
first  of  all  necessary  to  establish/install  the  possible  outlines  of 
the  course  of  the  current  of  null  sequence.  For  forming  such  outlines 
it  is  necessary  that  in  the  circuit,  electrically  connected  with  the 
place  of  short  circuit,  would  be  grounded  neutrals,  with  several 
grounded  neutrals,  electrically  connected,  the  currents  of  null 
seguence  branch  between  then* 
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Diagcaa  null  sequence  they  begin  to  be  froa  the  point  of  short 
circuit*  assuming  that  in  it  three  phases  short-circuited.  The 
ends/leads  of  the  elements  of  the  network  of  the  null  sequence* 
through  which  return  the  currents  of  zero  sequence*  have  potential  of 
the  earth/ground*  Therefore  it  is  possible  to  coabine  them  into  one 
coaaoa  point*  which  is  the  beginning  of  the  diagram  of  the  null 
sequence;  the  end/lead  of  this  diagram  is  considered  the  point  of 
short  cireuit  (Fig.  6-*Qd|. 

If  neutral  is  grounded  through  resisting*  then  it  should  be 
introduced  into  the  replaceaent  scheme  of  null  sequence  by  the  triple 
value.  Is  explained  this  by  the  fact  that  the  diagraa  of  null 
sequence  they  compose  for  one  phase*  and  through  resisting  in  neutral 
flows/occurs/lasts  the  sun  of  the  currents  of  the  null  sequence  of 
three  phases.  In  order  to  consider  a  real  voltage  drop  in  this 
resisting*  it  nust  be  increased  3  tines. 
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Fig.  6-39.  Beplaceaent  schemes  of  transforaers  for  the  currents  of 
null  sequence. 

Page  120. 

In  the  fora  of  an  example  in  rig.  6-*0  they  are  given  network 
the  simplest  installation  and  replacement  scheae  of  its  for  all 
sequences  daring  asyanetric  short  circuit  at  point  K.  The  first 
aaaeral  of  index  in  resisting  indicates  the  sequence  of  resisting, 
and  the  second  -  reference  number  of  eleaent/cell  in  network  of 
Installation. 
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■•salting  resisting  of  the  diagrans  of  separate  sequences 
deter aiae  vith  the  aid  of  the  ease  receptions/procedures  the 
conversions  of  the  diagrams  which  were  utilized  earlier  during  the 
con potation  of  the  currents  of  three-phase  short  circuit. 

If  for  the  rotating  aachines  accept  then  *2p«,  =  JCl|1M  it  is 

possible  to  be  restricted  to  the  coaposition  only  of  two  diagrams  - 
straight/direct  and  null  sequences. 

Currents  and  voltages  in  the  place  of  asynaetric  short  circuit 
[8-5].  Let  us  agree  to  consider  that  for  the  giver  point  of  short 
circuit  the  diagrans  of  separate  sequences  are  already  given  to  the 
sinplist  fora  and  to  us  are  Jmown  resulting  eaf  of  supplies  of  power 
B  (phase  value)  and  resulting  resisting  of  entire  short  circuit 
*IDM  .  *0*.  (Fig.  6-*0). 

Furthermore,  for  siaplification  in  further  linings/calculations 
let  us  agree  to  exasine  short  circuit  on  certain  conditional 
branching  resisting  of  phases  of  which  are  equal  to  zero.  Currents  in 
the  phases  of  this  branching  ars  currents  in  the  place  of  short 
circuit.  For  positive  direction  of  flow  we  accept  their  direction  to 
the  place  of  short  circuit. 


Two-phase  short  circuit,  if  we  assuwe  the  two-phase  short 
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circuit  between  phases  B  and  C  (Pig.  6-4 la),  then  for  the  branching 
of  short  c ire ait  it  is  possible  to  write  the  following  obvious 
conditions: 

C =0;  C = -  C :  -  OS  -  0. 

Parthernore,  since  two-phase  short  circuit  is  balanced,  then 
4o=°  and  0KO  =  0. 

After  accepting  phase  A  for  calculation,  it  is  possible,  being 
gelded  by  fornulas  (6-77),  to  write: 

4’!,=^,+C=°. 


whence 
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Pig.  6-40.  Bxaaple  of  the  coaposition  of  the  ceplaceaent  schemes 

separata  sequences. 
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Pig.  6-91 .  Tvo-phase  short  circuit. 


Pag*  121. 

Utilizing  foraula  (6*80)  and  taking  into  account  that 

***7  to  establish/install  the  equality  of  the 

symmetrical  components  of  voltage  in  the  place  of  the  short  circuit 

(jr->  Q(-) 

KAl  '■'a. M2- 

la  accordance  with  this  and  on  the  basis  of  formulas  (6-82)  it 


is  possible  to  write 


DOC  «  7913*807 


PAGE 


ihnct  we  obtain: 


/<»> 

'*>11 


(6-83) 


i  (*lpea  "h  *2  pea) 

It  la  now  not  dif ficolt,  using  fornalas  (6-79) ,  to  determine 
short-circuit  currents  in  the  daaaged  phases: 


and  analogously 

C=/V5C,. 

Thus,  the  absolute  value  of  short-circuit  current  in  the  damaged 

phases: 

V3E  (6-84) 


x  I  pea  +  *2  pea 

Synnetrical  coaponent  voltages  in  the  place  short  circuits  it  is 
possible  to  deteraine,  utilizing  foraulas  (6-82): 

=  £  —  /(J)  lx  =/,2)  lx  ■ 

^**1 — **  '*>ll'Alp«a —  '*><1 '-*2  pea’ 

()<*>  = _ /'*’  ix  ix  =0,a) 

^**2 —  '  *>42  '—2  pea — '**l'A*  pea — ^  AMI  * 


According  to  foraulas  (6-79)  we  deteraine  the  phase  values  of 
voltages  in  the  place  of  the  short  circuit: 


iV<1>  =/y«J>  _  _i/7<-’i 

UKB  ^  KC -  9  l/ A  a  • 


*C 


AM- 


(6-85) 


Utilising  the  obtained  relationships/ratios,  it  is  possible  to 
construct  vector  diagraas  of  currents  and  voltages  in  the  place  of 
short  circuit.  Knowing  .  UfAl  and  0'*'A3,  are  constructed  to  scale  the 
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star  of  the  vectors  of  the  voltages  of  forward  sequence 
0fAl.  U'kbi1  U{kc\  and  the  star  of  the  vectors  of  the  voltages  of 
backward  seguence  Ul?A},  0^,  0™Bi  (Fig.  6-40b).  Factor  sum  of  the 
vectors  of  voltages  and  0%Ai  gives  the  vector  of  phase  voltage 

U{l'A  of  the  intact/uninjurad/uadaaaged  phase  A. 

Respectively  vector  suas  of  vectors  U%t  and  Ul£B2  and  vectors 
Q'*CI  and  Q(*ci  give  the  vectors  of  phase  voltages  0 £'a  and  0l*'c  of  the 
daaaged  phases  8  and  C. 

It  is  analogoos  in  known  sagnitude  of  vector  of  currents  l{^AI  and 

i<2| 

'km  are  constructed  two  stars  of  the  vectors  of  currents 
st raight/d tract  and  backward  sequences  (Fig.  6- 4 1c) .  Vector  sum  of 
the  currents  of  straight/direct  and  backward  sequences  in  phases 
gives  current  in  int act/ unin jured/unda waged  phase  ^,  =  0.  and  in 
daaaged  phases  c  and  ^ ac  *  which  are  out  of  phase  on  180°. 

Analogously  it  is  possible  to  construct  vector  diagrams  of 
voltages  and  currents  during  the  short  circuit  between  any  two 

phases. 

Above  it  was  shown  that  during  two-phase  short  circuit 
^*!ti  This  nakes  it  possible  to  conbine  the  ends/leads  of  the 


di a grans  of  straight/direct  and  backward  sequences  as  shown  in  Fig 
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6-*1d.  as  a  result  of  eJiich  is  obtained  the  so-called  composite 
diagras  of  tvo-phase  short  circuit.  which  completely  corresponds  to 
all  brought-out  above  relationships/ratios.  which  characterize 
two-phase  short  circuit. 


Siagle-phase  short  circuit  to  the  earth,  for  exaaple  phase  A 
(Pig.  6-*2a> ,  is  characterized  by  the  following  obvious  conditions: 


After  accepting  phase  A  for  calculation,  it  is  possible,  beinq 
guided  by  foruulas  (6-80).  to  write: 

/<•>  _ /(')  —/ID 

‘  KA\  - ‘  KA 2  — 'kA» —  3  * KA  * 

On  the  basis  of  foraula  (6-79)  and  initial  condition  it  is 
possible  also  to  write: 

If  we  substitute  here  the  values  of  the  synaetrical  components 
of  voltage  in  the  place  of  short  circuit  according  to  formulas  (6-82) 
and  to  replace  the  currents  of  all  sequences  through  the  current  of 
forward  sequence,  then  we  will  obtain: 

£  J KaJ  “I-  xi  p«+  X» 

whence: 


«')  _ _ £ _ 

p»j"t  xi  p*jd"  *0  p.*) 


Page  122. 
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Absolute  vala«  of  short-circuit  carr*nt  in  the  daaaged  phase: 


3  E 


/<!>  =3 ll'\  = - r - — 

*  *  *>  — ,  h  *3  ■«»+  xo  i 


(6-87) 


I  pc*  r  -*2  pc*  '  *0  pes 

Syaaetrical  coaponeat  toltagea  in  place  short  circuits  arp 
deter uised  froa  foraulas  <6-82)  : 

02»  -  ■ i  -  O*,*. -  0<*.  »>• 

OS. — — IZJ*,*.. 

OS.— — C, 

(6-88) 

The  f all /total/co ap late  phase  values  of  voltages  in  the  place  of 
short  circuit  can  be  deterained  according  to  foraolas  (6-79) . 


On  the  basis  of  the  obtained  relationships/ratios  it  is  possible 
to  construct  vector  diagraas  of  currents  and  voltages  in  the  place  of 
short  circuit  (Fig.  6-«2b  and  c). 


The  coaposite  diagraa,  shich  satisfies  all  relationships/rat ics 
during  single-phase  short  circuit,  is  given  in  Fig.  6-4 2d. 

Two-phase  short  circuit  to  the  earth  between  phases,  for  example 
B  and  C,  with  sinultaneous  closing/short ing  to  the  earth  at  the  same 
point  (Fig.  6-43a)  is  characterised  by  the  following  obvious 
conditions: 


Suppleaentary  conditions,  as  this  was  accepted  above  in  the 
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exasiaatioa  of  other  naans  of  asynaetric  short  circuits,  are 
fundaeeatal  aquations  (6-77),  (6-79),  (6-80)  and  (6-82)  the  method  of 
syaaatrical  coaponents.  Accepting  as  calcalated  phase  A  and  omitting 
all  concluaion/oatpat,  let1  us  give  the  directly  final  formulas, 
aakiag  it  possible  to  deteraiae  currants  and  voltages  with  the  means 
of  short  circuit  in  question* 


The  syaaatrical  coaponants  of  current  in  the  place  of  the  short 
circuit 

k 


'ka\ 


I  f x  |  V 


“  —  ^ka\ 


*0pca 


x2pe«  +  ^Ope*  ’ 
*2pt« 

"h  ^Ope* 


(G  89) 


Absolut a  value  of  the  current  of  straight/direct  sequence  in  the 
place  of  the  short  circuit: 


*2pe»x0p*» 


(6*90) 


*,pM+  *ape»  +  x0ve$ 

and  currents  in  the  daaaged  phases 

/<•.•>  -/5T  j/ 


*>p«»*op«» 


nW'.  (eon 


<**pM  +  *W 

Current,  which  returns  through  the  eart b/ground: 

(6.0, 

Syanetricnl  conponent  voltages  in  the  place  short  circuits: 


J 
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The  total  voltage  of  intact/unin jared/aodaaaged  phase  in  ths 
place  of  the  short  circuit 

Vector  diagraes  of  curreats  and  voltages  are  given  in  Fig.  6- 4 lb 
and  Cm 

Coaposite  diagraa  is  gives  in  Fig.  6- 4 3d. 
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Pig.  6-*2.  Single- phase  short  circuit. 

Page  123. 

Generalized  formulas  tor  deternining  the  currents  during 
asyssetric  short  circuits.  Pros  the  examination  of  formulas  (6-au)  , 
(6-87)  and  (6-91)  it  is  evident  that  the  absolute  value  of  current 
with  any  means  of  short  circuit  is  proportional  to  the  current  of 
formard  sequence  in  the  place  of  short  circuit  and  can  be  determined 
froe  the  following  general/coaaon/total  expression: 


(6-95) 
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where  m<n'  -  the  proportionality  factor*  depending  on  aeans  of  the 
short  circeit  (see  Table  6-2): 

C\  -  esrrent  of  forward  sequence  for  the  aeans  of  short  circuit 
in  question. 


The  analysis  of  the  structure  of  fornulas  (6-83) .  (6-86)  and 
(6-90)  allows  for  deteraining  the  absolute  value  of  the  current  of 
forward  sequence  in  the  place  of  short  circuit  to  accept  also  the 
general/cosson/total  expression: 


E 


where  -  swpplesentary  inductive  reactance,  introduced  into  the 

diagras  of  forward  sequence  whose  value  depends  on  aeans  of  short 
circuit  and  is  deterained  only  by  values  xiptt  and  (see  Table 

6-2); 


y«D  __ 

*'  x,  +x<n>  ~~  »t») 

•»*»  ■  *aob 


(6-96) 


xw=xi  ‘  ~  resulting  resistance  for  this  aeans  of  asymmetric 

short  circuit  with  which  the  latter  is  replaced  by  certain 
conditional  three-phase  short  circuit,  distant  froa  the  real  point  of 
short  (in  the  diaqraa  of  forward  sequence)  to  suppleaentary  inductive 
reactance  jc''1’  . 

non  j, 
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Thus,  the  carrent  of  forward  sequence  daring  any  asynaetric 
short  circeit  is  defined  as  the  current  of  certain  conditional 
three-phase  short  circuiting  after  resistance 


Fig.  6-63.  Two-phase  short  circoit  to  the  ground. 


Table  6-2.  Values  *«o.  and  m(n>  for  different  leans  of  short  circuit. 


0) 

Be  a  KopoTKoro  uwuKauHn 


~73S 

Tpcx^a3H°e 


(^«MAOKC 
KOPOTK  'TO 
MMUKailllH  [n ) 


Auyxi()a3Hoe . 

“ — (? - 

OAtio<t>a3Hoe  . 

JyS - 

iUyx<tu]Hoe  aa  jcmjiio  . 


(3) 


<•’) 


(I) 


(l.l) 


*XOIJ 


X'J  JH’ J 


x2  pcs  4  x0  pcs 


1 2  |tcs  A0  pcs 


XJ  pc)  4"  x<)  pc* 


«<*> 


Vi 


Vi 


V 


*2  p*»  pt  l 

1*2  pcs  4"  *u  pcs) 
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I*y;  (1).  Mans  of  short  circuit.  (2).  Index  of  short  circuit  (n) . 
(3).  Three-phase.  (4).  T mo- phase*  (5).  Single-phase.  (6).  Two-phase 
to  the  groasd. 


Page  12*. 

Let  ns  note  that  .x'"1,,  at  ths  point  in  question  reaains 
constant/invariable  for  entire  process  of  short  circuit. 


Detersination  of  ultratransitory  and  iapact  currents  during 
asysaetric  short  circuits.  In  §6-6  it  was  indicated  that  in  practical 
calculations  usually  accept  n"~kUcf  (value  of  coefficient  of  k 
they  are  given  to  §6-6  and  Table  6-1).  Therefore  substituting  in 
foraula  (6-96) 

w.p 

l'3 


and  taking  into  account  foraula  (6-95),  we  obtain  the  following 
calculated  expressions  for  deteraining  the  coaponent  of  forward 
sequence  and  full  of  value  ultratransitory  current  in  the  place  of 
the  short  circuit: 


/"<«i _ _ 


kU„ 


kU . 


K3(; 


4-x1"'  \ 

Ipti  >  ■*4on' 


i  3  xtn) 

•  p«» 


(6-97) 


and 


where  xlrn, 
voltage  Utp. 


-a-  * 


(6-98) 


and  jc'-',  are  expressed  in  ohas  and  are  referred  to 
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If  all  resisting  are  expressed  in  relative  unity  and  are 
referred  to  base  line  poser  S6,  then  the  component  of  forward 
sequence  of  nltratransitory  current  in  the  place  of  short  circuit  can 
be  deteroined  according  to  foraula,  analogous  foraula  (6-58) : 


/:*'-»  =. 


x  .  4-  r<">  x(«)  (6-99) 

**lp«a  *  ^non  x- 


Xx 

*•1 


pc* 


and  the  fall  of  of  ultratransitory  current 


rin,^,ri 


<<o . 


(n)  «* 


(6-100) 


pei 


•here 


Vsu„ 


Inpact  current  is  deteroined  fron  the  fornula,  analogous  (6-59) : 

/"<-».  (6-10!) 

Instructions  on  values  k,  sere  given  into  §6-6. 


Determination  of  the  current  of  asynsetric  short  circuit  at  any 
eonent  of  tine.  Calculated  carves  (Fig.  6-25  and  6-26),  constructed 
for  three-phase  short  circuit,  can  be  utilized  also  for  deternining 
the  currents  of  forward  sequence  of  any  asyaeetric  short  circuit.  As 
has  already  been  indicated,  any  asynnetric  short  circuit  is  reduced 
to  conditional  three-phase  short  after  resulting  resisting 

-tip,,  :  Therefore  if  we  deteraine  calculated  resisting 

of  conditional  three-phase  short 


x'"'  —ix 

•pnc* 


+  *! 


A*\ 


s _ 
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then  by  obtained  vale#  jc**’ac,  and  by  calculated  curve  for  correspond  in 
to  tine  t  is  deternined  the  relative  value  of  the  current  of  forward 
sequence  for  this  neans  of  short  circuit  . 


Then  current  in  the  daaaged  phase  conprises 

(6-102) 


where 
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Pig.  6-M.  To  the  explanation  of  the  det erai nation  of  the  steady 
currents  of  asysuetric  short  circuits  fron  calculated  curve  for  t 
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Page  125. 

Pig.  6-44  shows  determination  fron  calculated  curve  t=-  of  the 
steady  current  in  the  various  forasof  asyaaetric  short  circuit. 

Entire  presented  into  §6-9  in  the  relation  to  the  computation  «f 
short-circuit  currents  taking  into  account  different  distance  of 
power  supplies  froa  the  place  of  short  circuit  completely  is 
propagated  also  to  asyanetric  short  circuits,  one  should  only 
renenber  that  calculated  resisting  of  circuits  nust  be  determined 
taking  into  account  suppleaeatary  inductive  reactance  x[nJn  for  the 
appropriate  aeaaa  of  short  circuit,  i.e. ,  to  substitute  in  formulas 
(6-64|  =  Jfip«i+  jc'"0’n .  let  us  note  also  that  since  any  asymmetric 

short  circuit  is  considered  an  the  three-phase  short  circuit,  distant 
to  suppleaeatary  resisting  ,  than  distribution  coefficients  c, 
coaputed  froa  foraulas  (6-67)  sad  (6-68),  where  enter  resisting  of 
the  branches  of  the  diagraa  of  forward  sequence,  they  do  not  depend 
on  annas  of  short  circuit  and  for  this  point  of  short  circuit  they 
raaain  constant/invariable  for  all  aaans  of  short  circuit. 
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the  relationshi p/ratio  between  the  currents  of  various  means  of 
short  circuit  at  the  initial  soaent  of  short  is  easy  to  find  on  the 
basis  of  fornnla  (6-98)  or  (6-100).  So,  the  coaparison  of 
altratransitory  currents  with  two-  and  three-phase  short  circuits 
gives: 

/"<3>  .....  m<3)  (*lp«,+  *2|»»> 

****>,»  . 

Ia  practical  calculations  usually  accept  x2i»a  — xn»>>  therefore 


ley:  (1) .  or. 


Since  i  beh  /",  that: 


<?'  _  2 
V* 


=  1.15. 


(6-103) 


i.e.  inpact  current  is  aore  daring  three-phase  short  circuit. 
Therefore  henceforth  let  us  deteraine  only  iapact  current  with  this 
aeans  of  short  circuit. 


The  strengths  of  steady  currents  with  two-  and  three-phase  short 
circuits  are  also  different.  In  the  case  of  the  snail  electrical 
distance  of  the  place  of  short  circuit  froa  generators  a  difference 
ia  steady  carrents  two-  and  three-phase  short  circuits  in  essence  is 
deterained  by  the  different  values  of  the  reaction  of  stator  with 
these  aeans  of  daaages.  It  is  known  that  the  relationship/ratio  of 
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aagnetizing  fore*  of  the  reaction  of  stator  with  two-  and  three-phase 
short  circsits  coapri ses: 

t- 

Ia  accordaacs  with  this  ths  ralatiosshi p/ratio  between  the 
steady  currents  daring  short  circuit  on  the  terninals/grippers: 

the  turbogenerators  1.5; 

the  hydraulic  generators  •• 

(<L>3) 

Daring  short  circuit  at  distant  point  h  therefore  at  this  point 
the  relatiosshi p/ratio  between  the  steady  currents  with  two-  and 
three-phase  short  circuits  will  be: 

/"<»>  2 
/£>  “/"<»  ~yz  ‘ 

Thus,  during  short  circuit  on  the  terninals/grippers  of 
generator  and  at  the  points  of  network  froa  snail  electrical  distance 
>/£\  and  during  short  circuit  at  distant  point  • 

Is  explained  this  by  the  fact  that  with  an  increase  in  the 
distance  of  the  point  of  short  circuit  by  the  value  of  short-circuit 
current  increasingly  less  naaifest  theaselves  transient 
electronag net ic  processes  in  the  generators  of  stations  (change  of 
reacting  the  stator)  and  increasingly  value  of  short-circuit  current 
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it  is  deternined  by  inductive  reactance  of  circuit.  During  short 
circuit  at  the  distant  point  it  is  possible,  as  it  spoke  earlier,  to 
consider  that  there  are  no  transient  electromagnetic  processes  in 
generator ,  voltage  on  its  tersiaals/grippers  remains  constant  in  the 
process  of  short  circuit  and  the  value  of  short-circuit  current  is 
determined  only  by  resisting  of  circuit  to  the  place  of  damage. 

Pros  the  aforesaid  it  folloss  that  at  certain  value  of 

circuit  asst  occur  condition  /£»=/£*.  Such  resisting  is  V.5^ct w  0,6. 

Page  126. 

Therefore  tentatively  it  is  possible  to  consider  that  if  *1^, < 0,0, 
then  /£’>/'*’.  and  if  >  O.G,  then  •  Bence  it  is  possible  to 

draw  the  conclusion  that  the  steady  current  during  two-phase  short 
circuit  should  be  deterained  only  when  -v'i!K.,  < 0,0. 

In  the  Soviet  installations  of  high  voltage  the  dead  ground  of 
neutrals  is  applied  only  in  networks  by  voltage  110  kv  even  above, 
that  feed  through  transforaers.  Therefore  single-phase  short 
circuits,  as  a  rule,  have  sufficiently  large  distance  from  the 
generators  of  stations.  Detailed  analysis  of  single-phase  short 
circuits  is  shown  C 6-5]  that  in  the  networks  indicated  depending 
on  relation  enn  occur  the  following  relationships/ratios  of  the 


\ _ 


DOC  -  7*13*808 


PASS 


¥1 

currants  of  the  single-phase  and  three-phase  short  circuits: 


it  the  sane  tine  in  networks  voltage  110  k¥  and  above  take 
■ensures  to  the  lisitatioa  of  the  current  of  single-phase  short 
circuit  by  the  value#  which  does  not  exceed  the  current  of 
three-phase  short  circuit*  is  reached  this  either  by  ungrounding  th 
part  of  the  neutrals  of  transforaers  or  via  the  grounding  of  the  pa 
of  the  neutrals  through  inductive  reactances. 


During  two-phase  short  circuit  to  the  earth  current  /{c'1’  can 


exceed  current  /, 


<3) 


is  not  nore  than  V?  once.  For  current  /l!-'* 


to 


the  value#  which  does  not  exceed  current  Jp.  are  utilized  the  same 
■ensures#  as  for  decreasing  the  single-phase  short-circuit  currents 


Determination  of  currents  in  the  branches  of  diagran.  For 
deteraining  the  current  in  the  separate  branches  of  diagram  it  is 
necessary  to#  first  of  all#  find  the  distribution  of  previously 
calculated  syunetrical  coaponeuts  of  current  in  the  branches  of  the 
diagrams  of  the  corresponding  seguences.  Then  either  according  to 
foraulas  (6-79),  or  by  the  construction  of  vector  diagran  of  the 
currents  (which  is  siapler)  deter aine  real  currents  in  branches 
diagraus. 
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Let  os  note  that  in  the  diagraas  of  reverse  and  null  sequences 
to  nore  conveniently  find  relative  current  distribution,  accepting 
the  current  of  the  datne  of  sequence  in  the  place  of  short  for  unity 
The  advantage  of  relative  current  distribution  in  the  fact  that  it 
does  not  depend  on  the  fora  of  short  and  noaent  of  tine  of  the 
process  of  short. 

If  in  the  short-circuited  circuit  are  transformers  with  the 
connection  of  windings  ¥/A  or  A/I,  then  the  taking  place  through  the 
currents  of  straight /direct  and  backward  sequences  obtain  angular 
displacenent  on  30°  (for  greater  detail,  see  C  6-5]). 

Deter nination  of  voltages  at  different  points  of  diagram. 
Syaaetrical  coaponent  voltages  at  any  point  diagraas  during 
asyaaetric  short  circuit  are  defined  as  vector  sub  of  the  voltage  of 
the  datua  of  sequence  in  the  point  of  short  circuit  and  impact  in  th 
voltage  of  the  sane  sequence  in  section  fro*  this  point  to  the  niace 
of  the  short  circuit: 

0l—UKl  -(-  /  Jxt; 

0.-0n+/jx^  (6-104) 

/  */ 

•here  0Kl,  0KJ  and  t>  -  ayaaetrical  coaponent  voltages  in  the  place 
short  circuits,  deteraiaed  according  to  foraulas  (6-82) ;  i,,  r?,  i0 
and  x(,  x ,,  x0  -  respectively  currents  and  resisting  of 
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straight/direct,  reverse  and  nail  sequences  in  the  section  between 
this  point  end  place  of  short  circuit. 

Beal  phase  voltages  in  the  assigned  to  point  diagram  determine 
froa  fornelas  (6-7 9)  or  by  the  construction  of  vector  diagram,  which 
is  sinpler. 

One  should  consider  that  the  transforaers  with  the  diagrams  of 
connection  I/A  create  the  supplesentary  shift/shear  of  the  vectors  of 
voltages  on  angle  of  30°  (see  C&-5]). 

Bzanple  of  6-12.  To  detersine  ultra transitory  current  in  the 
various  fores  of  short  circuit  at  point  K  of  diagraa  in  Fig„  6-uo„ 

Is  assigned:  the  turbogenerator  with  a  power  of  235  mva;  jC  =  o,i8; 


transformer  240  BIAj  u« -=  io.5vfc; 

the  aedlue  voltage  of  the  step/stage  of  short  circuit  ^-=*>'5  kv. 
te  accept  5« - sr.»„  =  23s  aVA;  £/e  =  yCD  *115  kf;  then 


235 

K3.II5  ^'•2 


kA. 
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The  replacement  scheaes  of  ell  sequences  are  giwen  in  Fig. 
8-10b-d. 


■e  lead  all  resisting  to  base  line  ones  let  us  agree. 

Page  127. 

Besistiaq  of  backward  sequeace  of  turbogenerator  ve  take  as 
equal  to  then  xit^x2t*0B 16. 

For  transforaers  with  the  connection  of  windings  t0/a 

23.5 

Xu  --  Aa,  —  x„  —  0,105  =s  0,1. 

Besulting  resisting  of  separate  sequences: 

* i  p.j=*2pe,-  A. I  +  a „  -  0.18  +  0,1  -0,28, 

*o  *• »  -  o.  I , 

Ultratransitory  currents  in  the  place  of  short  circuit  we 
deteraiae  froa  forsula  <6-100)  ,  accepting  for  a  turbogenerator 
coefficient  of  k*1. 

Three-phase  short  circuit: 

and 
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^3 


4  =  43  ill 


0.28 

>•71  (1)  *  8& 


TwphtM  abort  circuits 


*.«,  +  «, “  2- 0.28  -  0.56;  «<*>  -  /J- 


.12) 

*p«l  •*lpe»  T  *2ft* 


and 


,"(2)  __LHiA_37  ill 

1  0.56  "w3,7  *a- 


Kay:  (1).  U. 


Single*phase  short  circuits 


“  "Ipej  *2  pe«  *0  pvj  “ 

.=  2-0.28  +  0.1  =0,66;  m(l>«-3 


and 


/"()) 


3- 1.2 


0.66 


=  5.5  ill 


Kay:  (1)  .  k*. 


Tha  saaa  value  has  a  currant,  flowing  into  the  earth/ground 
through  grounded  neutral  of  tha  transformer: 

/t*3/£'>~5.5  (la. 

Ray:  (1).kA. 

Two- phase  short  circuit  to  tha  earth: 
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and 


*3pj»*0 pc» 


pK«  -  *ip.i  +  x2ptJ  +  *op« 

0,28- 0.1 

c°.28  +"0T28 +~0X  ^  °'35; 


■^2pe  scopes  _ 

(*2pes  ^7 


0,26.0,1 

.  Vi  y  i  —  joT28  +  o .i),  5=1,55 


i 

Key:  (1|.  II. 


,551. 2 
0,35 


%  5,3  ill 


The  current  of  nail  sequence  according  to  foraula  (6-89) 

coaposes 

|CU»  i(l.l)  X-r*  _ 

1.2  0,28  „  /,> 

“  0,35  ‘  “0.2S  +0.1  =  2,5  W* 

kA. 

and  currant  la  groandad  Bautral  of  the  transforaar 


/('•"  ^3/<l',,-3  2.5  =  7,5  lea. 


Kay:  (1) .  II. 


Bxaapla  of  6-13*  To  dataraina  ultratranaitory  current  in  the 
placa  of  siaqie-phase  abort  circuit  at  point  K  (Pig.  6-45a),  current 
ia  liaa  L-3,  currants  in  grounded  neutrals  of  transforaers,  vcltage 
in  the  place  of  abort  circuit  and  on  the  collecting  aains  ssh  of 
substation  lo  1.  To  construct  vector  diagram  of  tha  currents  in  line 
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1-3  and  voltages  in  the  place  of  short  circuit  and  on  busbars  ssh  of 
snbstation  lo  1. 


Tha  data  necessary  for  calcalation,  ara  given  in  the  diagram. 
For  all  liaas  to  accept  a»*x*«0*4  Q/kn.  For  transformers  with  the 
connection  of  windings  Ig/A  x(*i|>i2. 

We  accept 

S6-  100  M*a  Ut  - 1 15  in. 

Kay:  (1).  aad.  (2).  kT. 


then 


/«- 


100 

/JTllS 


-—0,5  iea. 


Key:  (1).  kl. 


Since  for  generators  accept  x,=xt,  then  for  straight/direct  and 
backward  seguences  the  diagraa  of  replaceaent  will  be  one  and  the 
sane  (Fig.  6- 4 5b) . 


I 


Pig.  6-45.  Vet work  od  ctplactaut  sch«M  foe  exaapl*  of  6-13. 


Key:  (1).  MVl.  (2).  kV.  (3).  on.  (4).  O/ka.  (5).  Substation. 


Pag*  128. 


Th*  r*plac*a*nt  ache a*  of  null  seguence  (Pig.  6-45c)  is  comprised  for 
th*  caaa  of  th*  grounding  of  th*  neutrals  of  transforaers  T- 1,  T-2 
and  T-4.111  resisting  of  r*plac*s*at  sch*a*s  are  given  to  base  line 

power. 


By  th*  siaplest  conversions  we  obtain  the  sieplified  replacement 
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ackn«s  ia  Pig.  8- *50  and  a. 

0 

(Basal ting  rasistiag  of  the  diagraas  of  separate  sequences  comprise 


_ (0. 15  -f-  0,121)0,53 

*>P»  “  P* “ 67)3  + 0,121  +0,53 

_ (0,617  +  0,424)0,474 

*»»«  6,617  +0,424  +  6. 4?4“0.325. 


Then 

*lji,  -  0. 1 8  +  0. 18  +  0 .325  -  0,685. 

■alativa  valae  of  tha  current  of  forward  saquenca  in  the  place 
of  abort  circuit  according  to  foraula  (6-99)  (accepting  for 
tar bogeaara tors  k»1)  : 

“Ti1*  6765s — 1-‘<6- 

•poo 

la  this  case 

Absolute  value  of  carraat  ia  tha  place  of  the  short  circuit: 

/"  -  3/."^%  «=  3- 1 ,46  0.5  =s  2.2  ko. 

Kay:  (1)  •  kl. 

Syaaetrical  coapoaent  voltages  in  the  place  short  circuits 
according  to  foraulaa  (6-88) s 

tfiJk,  -  1 ,4G/  (0. 18  +  0,325)  -  /0.74. 

or 

0%«--*.<6/O>  I* - /0.26, 
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Key:  (1)  •  M. 

or 

0i%M  -  - 1  •«;°-3->5  *  -  y°.<8* 

Key:  (1).  kV. 


or 

Rtf:  (1) .  kf. 

factor  diagram  of  voltages  in  the  place  of  short  circuit  is 
cosstracted  to  scale  in  Fig.  6-*6a,  according  to  which  if  necessary 
can  be  deternined  interphase  voltages. 


Me  deter sine  the  syasetrical  components  of  current  in  line  L-3 


by  the  d lag ran  of  the  straight/direct  (reverse)  sequence 


1-0.74 


or 


/;y;» -o.s6  o.s-o.48 


Key:  (1)  •  ki. 


/ 


«<•> 


G3P 


«»» 

+  *•+*!• 


and 
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or 

/J^-0.48  &, 

Kty  CO  kA. 

i.  e.  the  sane  value,  that  also  current  of  forward 
sequence;  this  it  was  to  be  expected,  since  for  all  sources  in 
diagraa  of  forward  sequence  sere  accepted  eaf,  equal  in  nagnitude  and 
cophasal,  naaely  uQV  or  £'«i: 
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Pig.  6-46.  Vector  diagrams  of  voltages  and  currents  for  example  of 
6-13, 


Page  129. 


oa  the  diagraa  of  the  a all  segaence 


/"  (i)  /"  to 

'•OJI.J—  ••KO 


’K0  *u  +  *.  + 

.  0,474 

' ' ’**  0.61? +  0,424  +0,474  88  °-46 
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or 

46.0.5  =  0.23  ta. 

I«y:  (1).  U. 


In  pig,  6-46c  is  coasts acted  vector  diagras  of  currents  and 
lines  L-3,  fron  which  ass  deter mined  the  currents  in  the  phases  of 
the  line: 

1‘iK  -  U9  til  -  0.25  &  /-«  ~  0.25  & 

Kep :  (1)  .  ki. 


fe  deternine  symmetrical  component  voltages  on  collecting  mains 
SSh  of  substation  lo  1: 

= /0. 74  +  0,96/0,121  «=/0,856, 

either 

ua\  “0.850  “55  ^ie; 

“  Ul'KAJ  +  ^zji\  !*•  =* 

=  _/0.26  +  0.96/0. 121  «.  —  >0.1-14 


or 


Q> 

■9,6  k»\ 


ixt  ~ 

_  —  /0 . 48  +  0, 46/0 . 424  =.  —  /0 .285, 


or 

0.285 4=-- 19  Q. 


Key:  (1).  k» 


DOC  -  79134808 


PIGS 


.1  ,.l«  i  j  .1  iik.  hi  wumu.  i..,.  I  uiupnHij^jP'Pi 

'•  *«b 

ip- 


Vector  diagran  of  voltages  on  basbars  SSh  is  constructed  in  Fig. 

8- 86b* 


Cerrests  in  grounded  neatrals  of  transforaers  T-1  and  T-2  are 
deternined  froa  the  calculated  above  current  of  null  sequence  in  line 


Ir): 


”  U.J-i  ‘ 

■ey:  (1| .  kb. 


-  0.23  _  /•<> 

■  — 3— x— ss0.3o  ia. 


leutral  current  of  transforaer  T-4; 

-=3(1.«  —  0.46)0,5-1.5  (ca. 

Key:  (1) .  kb. 

Otllisiag  the  given  above  calculations,  it  is  possible  to  find 
currents  ia  the  phases  of  all  sections  of  the  diagran  as  this  in 
gaestion  shown  on  Pig.  t>-47.  Pros  latter/last  diagraa  it  is  evident 
that  daring  single-phase  short  circuit  in  network  110  kv  in  the 
circuits  of  generators  f low/ occur/ last  the  short-circuit  currents  in 
two  phases*  In  the  feed  of  the  place  of  single-phase  short  circuit 
participates  also  the  aggregate/anit  whose  transforaer  works  with 
ungrounded  neutral  (T-3).  Hence  it  is  possible  to  draw  the  conclusion 


DOC  *  79134808 


PACS 


T 


i 

that  with  a  change  in  the  nuaber  of  grounded  neutrals  of  transformers 
the  value  of  single* phase  short-circuit  current  in  the  place  of 
daaage  changes  disproportioaatel;  a  nuaber  of  grounded  neutrals. 

In  diagraa  in  Pig*  8-97  all  currents  are  expressed  in  relative 
units*  Hultip lying  then  to  U-  that  deter nined  with  uct,  the  Appropriate 
step/stage  of  voltage*  it  is  easy  to  deternine  the  absolute  value  of 
currents  in  nay  phase  and  in  nay  section  of  network.  Certainly,  the 
deteraination  of  current  distribution  in  coapound  circuits  is 
considerably  aore  difficult. 


Sxaaple  of  6-14.  To  deteraiae  the  steady  current  with  three-  and 
two-phase  short  circuits  at  point  K  in  the  diagraa  in  Fig.  6-48a. 
There  are  given  all  data*  necessary  for  calculation.  The 
turbogenerators  of  station  are  eguipped  with  ARV. 


le  accept  — 3Sr.«m  —  *'25  hva  and  -10.5  kv,  then 


112,5 

y'a-ju.s 


-W 


& 


Key:  (1|.  hi. 
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Pig.  1**7.  Current  distribution  (in  relative  unity)  in  the  network  of 
diagran  in  Pig*  6-45  daring  single-phase  short  circuit  at  point  k ( >1 

Page  130* 

Pig*  6-*8b  gives  the  replaceaent  scheae  of  the  straight/direct 
(reversal  sequence  on  which  are  shown  all  resisting*  led  to  base  line 
conditions. 


(Sc^tu).  then  is  deternined  the  steady  current  froa  generators  and 
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sfatai  separately. 


Per  the  breach  of  the  generators 

*%*>  r  “  *r  -  0.IM 

On  carve  for  t««  oa  Fig.  §-25  ve  find  /(JU  *2.72.  then 

/&-.  2.72.6.2-17  & 

Key:  |1|.  kA. 


For  the  branch  of  the  systea 


X»3' 

.pei-c 


-0.22; 


then 


C*=C3’ 


i 

"(52?"<.S5 


and 


/£'c“  <.55-6.2  -  28  ifo. 


Key:  (1|.  kA. 


Total  steady  current  of  three-phase  short  circuit  at  point  K: 

'«  "  /«r  +  -  17  +  2«  -  <5  Pa. 


Key:  (1).  kA. 


Two-phase  short  circuit.  Beplaceaent  scheae  for  this  w-<ans  of 
daeage  is  given  in  Fig.  6-4 8d,  where 

since  for  generators  accept  *, 
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Id  this  cut  it  is  Mcsuitf  to  deteraine  resulting  resisting 
*{«» r  ui  connecting  power  sepplies  is  direct  with  the  point  of 

short  circuit,  being  guided  by  the  indications,  given  in  §6-9. 


Distribution  coefficients: 

*•  (•> , 


r  _  -«  r 

Cx  *.  +  *r  C* 


Key:  (1|.  end. 


*r 

*c  +  V 


Resulting  resisting  of  the  diagran 


„<?> 


*c  +*t 


I  *iu 


*c’+  V 


Desalting  resisting  of  tbe  branches  of  power  supplies: 


*p«».r 


X«*> 

*P»i 

t, 


1  ^*i» 


*'*’  — 


c.  1 


2*_ 


Thus,  when  for  generators  accept  *, it  is  possible  during 
the  coapatation  of  two-phase  short-circuit  currents  at  the  points, 
analogous  to  point  K  on  collecting  nains,  to  deteraine  short-circuit 
current  separately  froa  power  supplies,  accepting  doubled  resisting 
of  corresponding  branches. 


Steady  current  of  two-phase  short  circuit  frou  the  generators  of 
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tke  statioa 


“  2-0,154  =s  0.31. 


Ob  the  carve  t»-  ob  Fi§.  6-29  ae  find 

/<**  —  2A 

*.l«o r 

than 

C  -  -  V^  2-3-6*2  -  25 

nay:  (1}  •  ki« 

that  tha  aora  thaa  spacific  above  steady  cor rent  of  three-phase  short 
drcalt  froa  generators  in  2V17"1>*7  tiae. 


Steady  c arreat  of  tvo-pbase  abort  circuit  froa  the  system 


then 


':r~  -  'T  -  -J — 


aad 


/<*  -  V$l%Je  -  Vi -2,27  -6.2  =  24 


Ray:  (1)  •  ki. 


Still  aiaplar  this  carraat  is  deterained  froa  to  known  current 
/&  -  c*h 

c  - 1  ;,,a’  -  ?  o3)  28=^24  & 


Ray:  (1| .  kl 
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Fig.  6-*8.  Datuork  aid  ctpltcamt  schaaa  for  oxaaplo  of  6-14. 

Ray:  (1).  Systea.  (2).  k¥.  (3).  fl/ka.  («) .  RTk. 

Page  131. 

Total  steady  curreat  of  tuo-phaae  short  circuit  at  point  K: 

C  '  J  Cr  +  -  -’5  -f  24  .-=  49  Jfe, 

Kay:  (1)  •  hi. 

i.a.  iasigaif icautly  it  diffsrs  froa  the  spacific  above  three-phase 
steady  current. 

Oa  the  basis  of  a  lat tar/last  sxaapla  it  is  possible  to  draw  the 
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conclusion  that  oa  the  pone  plants,  connected  with  powerful/thick 
povar  systeas,  tha  tvo-phase  steady  current  in  generator  voltage 
usually  littla  diffars  froa  tha  three-phase  steady  currant  and  the 
lass,  tha  9raatar  tha  share  of  tha  currant  of  short  froa  systen.  in 
tha  neteorfcs  of  tha  increased  and  low  voltages,  i.e.,  electrically 
distant  froa  generators,  usually  the  currents  of  three-phase  short 
circuits  are  sore  than  tha  currants  of  two-phase  elosings/shertings. 
Therefore  ia  the  aajority  of  tha  cases  of  practice  definite  when 
selecting  of  electrical  eguipaeat  are  the  currents  of  three-phase 
short  circuit* 
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Chapter  Seven. 

ACTIOIS  OP  SflOBT-CXICDIf  CO  8  HITS. 

7-1.  The  electrodyaaaic  effects  of  short -cl reel t  rreets. 

The  electrodyaaaic  force  of  interaction  between  two  parallel 
conductors  (Pig.  7-1)  of  arbitrary  section,  hy  streaalined  with 
currents  i,  and  i„  deters! aes  fees  the  feraala: 

F =2.04  k  iti,  L 1 0-»|#|.  (7-i) 

v  Q 

Key:  <1|.  kgf. 

where  it  aad  i*  t  -  instantaneous  values  of  currents  in  conductors,  a; 
t-  length  of  parallel  conductors*  ca; 
a  -  distance  between  centers  of  conductors,  ca; 

-  factor  of  the  fora  (see  below) . 


The  force  of  interaction  of  two  parallel  conductors  evenly 
distributed  along  the  length  of  conductors.  In  practical  calculations 
this  evenly  distributed  force  they  replace  by  net  force  of  F,  applied 
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to  conductors  is  tbs  aiddle  of  tboir  length. 

Is  idoatical  diroctios  of  flos  la  coadoctors  they  are 
attractsd/tightened.  while  ia  different  directions  -  they  are 
re  pal  sod. 

Factor  of  fora  depends  oa  the  fora  of  the  section  of 
condectors  and  their  aatsal  location.  For  circular  and  tubular 
coadoctors  *=  l ;  for  the  coadoctors  of  other  foras  of  section  it  is 

possible  to  accept  shea  the  section  of  conductors  is  small,  and 

their  length  is  great  in  coapatison  with  the  distance  between  them 
and  it  is  possible  to  assuae  that  entire  current  is  concentrated  in 
the  axis  of  coadoctors.  So.  with  sufficient  for  purposes  practice 
accuracy  accept  *«,—!  during  the  deteraination  of  the  forces  of 
interaction  between  the  phases  of  the  bosbar/tire 
construction s/de signs  of  the  distributors  (see  Chapter  10) 
independent  of  the  fora  of  the  section  of  busbars,  since  the 
distances  between  the  busbars  of  different  phases  in  distributors  are 
sufficiently  great  and  coapose  several  hundred  ailliaeters  and  more. 

But  if  the  distance  betweea  the  conductors  (busbars)  of 
rectangular,  box  and  other  sections  is  saall.  then  1-  A 
characteristic  exaaple  is  bosbar/tire  construction/design  to  large 
operatiag  currents,  when  each  phase  is  conprised  fron  several 
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rectangular  bisbars,  foe  exasple  of  too  busbars  I  (Pig.  7*3),  with 
tbo  snail  distance  betoeea  then,  egaal  to  tbe  thickness  of  separators 
2,  fastened/strengthened  to  stead-off  insulators  3  (attachment  of 
busbars  on  insulators  is  not  shorn) . 

Pig.  7-2  gives  the  curves,  ohich  sake  it  possible  to  determine 
fore  fuotor  for  the  busbars  of  rectangular  cross  sections  £6-1]. 


Fig.  7-t.  Interaction  of  too  conductors. 

132. 

pendence  of  coefficient  on  the  relations 

b 

h  ' 

whara  a  -  distance  between  centers  of  the  busbars; 

b  -  width  of  tne  busbar; 

h  -  height  of  tire. 

Proa  carves  it  is  evident  that  yjf  >2  coefficient  **~l-  in 
other  words,  if  the  clearance  between  bnsbars  (a-b)  sore  than  the 
periaeter  of  bnsbar  [2  (bah)  J,  then  it  is  possible  to  accept 

The  greatest  force  cf  interaction  between  parallel  conductors 


a  —  b  O'* 

mr  "  ,n=- 

Key:  Ml.  asd. 
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with  the  curut  of  t«o<pku«  short  circuit  coaprista: 

#^-2.04*^  —10-*  [irj.  (7.2) 

Kof:  |1|.  k«f. 

With  current  of  three-phase  abort  circait  and  bassing 
arrangenent  of  tho  conductors  of  three  phases  in  one  plane  (usual 
location  of  busbars  in  d istributors)  under  severe  conditions  is 
located  the  average/aeaa  phase,  to  ehich  operates  the  force 

V3  ,  .  .01 


^'=2.0  fra 


Key:  (1).  kgf . 


or 


f,,l=1.76V;,’-r'0-|(/>|.  (73, 


Key:  (1)  •  kgf . 


V~3 

Coefficient  -j-asO.87  calculates  noncoincidence  on  the  basis  of 
the  phase  of  currents  in  the  phases  (see  §6-5,  Pig.  6-15) . 


2 

If  one  considers  that  =^1  (see  §6-12) ,  then  the 
relationship/ratio  between  efforts/forces  during  the  three-  and 
two-phase  short  circuit: 

^3I__  2  _  1  [5 

^~7r~U5- 

Bence  it  follows  that  great  vnlne  the  electrodynanic 


efforts/forces  have  during  the  three-phase  short  circuit,  which  is  in 
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this  rcspsct  sost  dangerous. 

Subsequently  fores  f  (*)will  bo  deternined  for  the  aechanical 
calculation  of  the  busbars  (sss  Chapter  10)  and  checking  to  the 
aschanical  strength  of  supporting  and  wall  entrance  insulators 
(chapter  9)  and  soae  types  of  current  transformers  (chapter  21). 

Branple  of  7-1.  To  deteraiae  the  force  of  interaction  between 
the  busbars  of  different  phases  in  distributor,  if  «'vs>  — <5  It  A, 
distance  between  centers  of  the  busbars  of  adjacent  phases  a=35  cm 
and  length  of  busbars  is  £*2.5  a.  Busbars  rectangular  by  the 
sine/diaenaion  50x6  of  aa. 

Xa  this  case  the  clearance  between  busbars  (350-6=344  mm) 
considerably  aore  than  the  periaeter  of  busbar  (2(50+6)  =112  mm],  in 
coaeeguence  of  which  the  fora  factor  can  be  taken  as  equal  to  unity 
(*«,-»)• 


According  to  foraula  (7-3) 

250  fi> 

1,76.45* -gg-.l0-*»  254 

Key:  (1).  kgf. 

Bxaaple  of  7-2.  To  deteraiae  the  force  of  interaction  between 

the  rectangular  busbars  of  oae  phase,  shown  in  Pig.  7-3.  inpact 

current  ,<3u  so  hi. 

case  the  fora  factor  aust  be  taken  into  consideration. 


DOC  «  79134808 


PACE 


(<£ >  OntHOuiemit  - 


Pig.  7*2.  Cams  foe  detoraiaiag  the  factor  of  the  fora  of  th 
busbars  of  rectangular  cross  section. 


Key:  (1) .  Fora  factor.  (2) .  Belation 


1 


Fig.  7-1*  Out  lilts  for  maple  of  7*2. 

Page  131. 

a  —  6  20 _  ft 

le  determine  relatioashipa/ratios  =5=0,1  »nd 

5=1  'ii  “ Too  =-  °>'-  0,1  the  appropriate  curse  (s*0.1)  on  Fig.  7-2  we  find 


For  deteraining  the  force  of  interaction  between  the  busbars  of 
one  phase  it  is  necessary  to  use  foraula  (7-1),  assuaing/sett ir.g  in 


it 


/«3’ 

2 


80 


^  -n 


ts 


Key:  (1).  hi 
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(corctit  of  phase  it  flows/occurs/lasts  over  two  parallel  busbars)  ; 

thou 

F  **  2,04.0,44.40s  10-«  =  720  £'/. 

Mmjs  (1|.  Iff. 

7-2.  Thermal  actions  of  short-circuit  currents. 

For  each  element  of  the  electrical  installation  standards 
establish  a  certain  heating  temperature  above  which  it  must  not 
be  heated  under  the  ^Lven  working  conditions. 

* —  la  this  caoo  aro  distinguished  two  faadaawntal  aodes/conditions: 

tho  prolonged  aoraal  node  of  work  and  the  short-tern  aode/condit ions 
of  short  circuit. 

The  tenperatnre  of  heating  conductor  in  the  nornal  mode  cf  work 
d„  is  defined  as  the  sns  of  the  ashient  teaperatare  and 
teaperatare  of  overheating  T.  conductor  with  respect  to  aabient 
teaperatare,  i.e.,  v  Ihe  teaperatare  of  overheating  T.  is 

deterained  froa  the  conditioa  that  a  quantity  of  heat,  isolated  in 
conductor,  is  equal  to  the  quantity  of  heat,  diverted  from  it  for  the 
sane  tine  into  the  envlrcnaeat. 

The  reliable  work  of  current-carrying  part  in  nornal  mode  can  be 
provided  only  when  where  »,00  -  aariaua  long  peraissible 

teaperatare  of  heating  the  current  carrying  part,  which  occurs  with 
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the  coum  OB  it  of  tho  long  lot-go  current  of  load  l ^  for  rated 
current  /WM)  aad  at  a  calculator  aabient  toaporature  (soo  $3-3). 
Heating  conductor*  in  noraal  aodo  is  exaained  in  course  "CLectrical 
notvorks  and  electric  power  lines"  C  7-1];  therefore  we  will  he 
restricted  below  only  to  the  exaaination  of  heating  conductors  during 
short  circuits. 

Bith  tho  short-tora  course  of  short-circuit  current  the 
toaporature  of  heating  conductor  K  does  not  succeed  in  reaching  the 
steady  value  and  is  defined  as  the  sub  of  the  teaperature  of 
conductor  to  short  circuit  9,  aad  teaperature  of  overheating  by  its 
short-circuit  correet  V  i.e*  +  —  a.  +  tH  +  V  In  the  heaviest 

case  under  the  teaperature  of  conductor  to  short  circuit  should  be 
understood  its  steady  teaperature  at  noainal  load.  i.e..  **»• 

The  tine  of  the  course  of  short-circuit  current  is  very  small 
and  usually  it  does  not  exceed  several  seconds  or  even  fractions  of  a 
second,  which  uakos  it  possible  sot  to  consider  the  renoval  of  the 
heat  (heat  eaiasioa)  into  tho  eavironaent  for  the  tiae  of  short 
circait  and  to  consider  that  entire  heat,  isolated  in  conductor  for 
the  tiee  of  short  circait.  proceeds  with  an  increase  in  its 
teaperatare  (adiabatic  process  of  heating). 


Pig.  7-*  shows  a  change  in  the  teaperatare  of  conductor  with  the 
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coarse  os  it  of  short-circuit  current.  To  short  circuit  the  conductor 
hod  teaperature  ft„ .  Short  circait  occurred  at  aoaent/torque  tlf  after 
which  the  teeperature  of  conductor  rapidly  increased,  after  achieving 
value  ft.  at  aonent/torque  tt.  then  faulted  circuit  was  disconnected 
by  the  appropriate  switch. 

if ter  the  cutoff/disconaection  of  circuit  the  conductor 
gradually  is  cooled  to  aabient  teaperature  ft..  if  we  exaaine  the 
conductor  of  off  circuit  (fig*  7-4),  or  to  certain  teaperature  of 
the  deteraiaed  by  the  new  value  of  the  current  of  load  circuit  after 
the  cutoff/disconnection  of  short  circuit. 

The  aaxiaua  teaperature  of  conductor  during  short  circuit  is 
very  short-tera  (peak  of  teaperature),  which  wakes  it  possible  to 
allow/assuae  during  short  circait  heating  conductors,  considerably 
larger  than  in  noraal  node. 
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Pig.  7*».  Chaiga  la  the  teaperature  of  conductor  during  heating  by 
its  short-circuit  current. 

Page  13*. 

The  nexieen  permissible  heating  of  current-carrying  parts  by 
short-circuit  current  is  deterained  by  the  theraal  properties  of 
their  insulation  and  by  the  conditions  of 

retainiag/praserving/aaintaiaiag  the  eechanical  strength  of  the  metal 
of  conductor.  The  latter  is  explained  by  the  fact  that  during  heating 
to  the  specific  teuperature  with  the  subsequent  slow  cooling  occurs 
the  annealing  of  aetal,  as  a  result  of  which  sharply  descends  its 
nechanical  strength. 

The  HRhles  of  the  de vice/e quipaent  of  electrical  devices" 

D"*]  established/installed  aaxiaally  permissible  short-tern 
teaperature  excesses  of  heating  conductors  by  short-circuit  currents 


f 


A 
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vkn  to  tkt  aoaeat/torgue  of  short  circuit  the  taaperature  of 
conductor  doas  not  exceed  tka  long  paraissible  temperature.  Based  on 
this.  asaally  accept  the  following  aaxiaally  paraissible  short-term 
taaparataras  of  heating  conductors  daring  the  short  circuits: 

bare  copper  busbars: »,f  #«  - 3°o* c 

Bara  aluainua  busbars:.  .  .  V  -2oo»c 

Bara  steal  busbars: 

a)  upon  direct  connection  to  the  terainals/grippers  of 
apparatuses:. . ,  •«.  m.«  =  30o*c 

b)  is  the  absence  of  connections  to  the  terainals/grippers  of 
apparatuses:.. .  8«.««c“wc 

Power  cables  uith  copper  veios/strands  and  paper  insulation  to  10  kv 
inclusively:.  .  f  »o« c 

Then,  bat  sith  alaainaa  veias/strands:.  .  .  #>  Maii,  _2oo  c 

Power  cables  with  paper  iasulatioa  on  20  and  35  kT:.  «.  •«■«««“  l75*c 
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Pom  isdia-rebber  cablaa  ud  air*  with  rabbar  and  polychlorovinvl 
iaaalatioa:.  ,  »  •«. ~200“c 

Tha  problaa  of  tastiag  tha  currant -carrying  part  (wire,  busbar, 
cable)  to  tkaraal  resistance  ia  reduced  to  tha  deteraination  of  the 
greatest  beating  teaperature  by  short-circuit  current  and  its 
coaparisoa  with  aaxiaaliy  paraissibla  teaperature  The 

current-carrying  part  thersally  stable,  if  is  observed  the  condition 

■  — ■  K.MIKC 

For  this,  first  of  ail,  necessary  to  know  the  duration  of  the 
abort  circuit  t  (the  estiaated  tine  of  the  action  of  short-circuit 
current.  Pig.  7-4} which  is  coa posed  fron  the  tine  of  action  of 
relaying  /,llu,  of  that  established/installed  in  the  nearest  to  place 
daaage  of  seitch,  and  the  tripping  tine  of  this  switch  /,•’ 

(74> 

The  tripping  tiae  of  saitch  aitb  drive  is  deternined  by  time 
interval  froa  the  closing  a  circuit  of  the  disconnecting 
electroaagnet  of  the  drive  of  switch  to  fnll/total/conplete  arc 
extinction  between  the  contacts  of  switch,  which  appears  with  the 
cutoff /disconnection  of  current*  In  the  absence  of  the  data  cf 
aamuf act urlag  plant  it  is  possible  to  accept: 

for  lou-speed  switches  *,  =  0,2  s; 
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for  quick-break  switches  0,1  s. 

If  is  the  nearest  to  ploeo  duagt  of  switch  are 
established/iast ailed  several  relayings,  then  daring  testing  of 
current-carrying  part  to  thersal  resistance  one  should  proceed  from 
the  tise  of  action  of  the  fuadaaeatal  protection,  which  operates 
daring  the  short  circuit  in  question.  If  protection  has  the  dead  zone 
(see  Tel.  2),  then  during  short  circuit  in  this  zone  should  be 
considered  the  tine  of  that  protection,  that  works  during  short 
circuit  in  dead  zone.  Respectively  is  taken  current  during  short 
circuit  in  this  zone. 

The  quantity  of  heat,  isolated  with  short-circuit  current  fir 
tise  t,  will  be  detersined  according  to  the  lav  of  a  Lentz- joule: 

t 

Q*=j  0,241  *‘rdt’  (7-5) 

where  /K<  --  the  effective  value  of  short-circuit  current; 

r  -  resisting  of  conductor. 

inalytical  deteruination  Q„  fron  this  foruula  is  very  difficult 
as  a  result  of  the  conplexity  of  the  law  of  change  in  the  time  of 
short-circuit  current,  which  consists  of  two  cosponent/term, 
especislly  when,  on  the  generators,  autonatic  field  regulators  are 
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pctnat,.  fkttafort  1b  practice  apply  th«  set-forth  below  shoct-cut 
aethod  deteruinatioas  Qk*  based  oa  the  following.  They  consider  that 
the  coadactor  is  heated  eot  Sy  the  real  changing  in  tiae 
short-circait  current,  bat  by  the  constant/invariable  in  value 
cerreat.  egaal  to  the  steady  waloe  of  short-circuit  current, 
■espectiwely  instead  of  the  real  tine  t  the  courses  of  short-circuit 
cerreat  accept  certaia  estiaated  tine  V  called  fictitious  time. 

Page  135. 

If.  furthermore,  for  siaplification  in  the  conclusion/outDut  to 
consider  that  resisting  of  conductor  resales  constant  and  equal  to 
certaia  awarage/aean  value  rc,  for  the  possible  range  of  tenperature 
of  heating,  then  for  sale  (7-5)  sill  be  converted  into  the  usual 
eleaeatary  expression  of  the  las  of  a  Lentz- joule: 

=  <7-6) 

Fictitious  tine  i4i  of  action  of  short-circuit  current  is  the 
tine  during  which  the  steady  current  separates/liberates  the  same 
guaatity  of  heat,  as  the  real  changing  in  tine  short-circuit  current 
for  real  tiae. 

Let  us  explain  the  concept  of  fictitious  tine  by  graphic 
construction  in  Fig*  7-5.  Area  0  a  be.  United  coordinate  axes  and 
curved  C'cp  =®/(0  for  tiae  t.  oa  certaia  scale  is  equal  to  a  quantity 


A 
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of  heat  Q« .  Zf  vo  draw  th*  parallel  to  tha  axis  of  abscissas  straight, 
line,  vhich  corr as  ponds  to  tha  valoa  of  tha  steady  current,  then, 
obviously,  tha  task  of  dataraiaiag  tha  fictitious  tisa  vill  cove  to 
tha  datarsiaatioa  of  tha  abscissa  of  ractangla  vith  ordinate 
araa  of  vhieh  is  equivalent  tha  area,  enclosed  by  carve  for  tine  t. 
Area  Q,  is  general/consoa/total  for  tha  areas,  foraed  by  quadratic 
curve  and  they  are  equivalent  rectangles,  vhile  area  Q«*Q2*Q3; 
therefore 

Q. = <3,  +  <3,  -I-  Q,  *  Q,  +  Q4 «  0.24 

For  the  tiae  of  the  course  of  short ^circuit  current  the 
tenperatare  of  overheating  conductor  con  prises  V  therefore  the 
quantity  of  heat,  absorbed  ia  conductor  for  the  tine  of  short 
circuit,  can  be  deterniaed  by  the  foruula: 

<?«*,  =  (7-7) 

share  s  -  a  section  of  c end actor,  as*; 

2-  length  of  conductor,  n; 

y  -  aaterial  density  of  conductor,  g/cn*; 

c,  -  specific  heat,  cal/g*°c. 

Since  the  process  of  heating  conductor  by  short-circuit  current 
is  considered  as  process  adiabatic  (<?k  =^Qllorj,  that,  equalizing  the 


A 
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right  tidw  of  fornlas  (7-4)  u4  (7-7),  expressing  specific  heat 
through  C«  TCt/0,2*  [■•s/ca»**CJ  ud  rcp=Pc|>j.  where  pc#  -  average/nean 
resistivity  of  conductor  for  the  teaperature  raage  ia  question,  after 
conversion  ve  obtain: 

'.=£(x)‘v 

Stagnation  teaperatare  of  heating  conductor  daring  short  circuit 
coaprises: 

<7'9> 

On  the  basis  of  foraaia  (7-9),  it  is  possible  to  give  following 
deteraiaatioa  the  flctitioas  tins  of  action  of  short-circuit 
current  is  the  tine  daring  which  the  steady  current  heats 
current-carrying  part  to  the  saae  teaperatare,  to  which  it  would  he 
heated  by  the  changing  in  tiae  short-circuit  current  within  the  real 
(calculation)  tins  t. 

Short-circuit  current  consists  of  periodic  and  aperiodic 
conponeat/tera,  with  respect  to  what  they  accept: 

where  (*»  -  fictitious  tiaa  of  action  of  periodic  of  conponent/term  of 
short-circuit  current; 

the  saae  of  apariodic  of  coaponant/tera. 
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Pig.  7-5.  Graphic  lattniutioi  of  the  fictitious  tiae  of  action  of 
short-circuit  currant  with  generator  with  aatoaatic  field  regulator. 

Page  136. 

The  fictitious  tiae  of  periodic  of  coapoaent/tera  is  the  time 
during  which  the  stead;  current  separate s/liberates  in  conductor  the 
sane  quantity  of  heat,  an  periodic  coaponent/tern  for  real  time. 

The  value  of  the  fictitious  tiae  of  periodic  of  coaponent/term 
deterniaes  by  curves  in  Pig.  7-6.  which  gives  fictitious  time  n 
depending  on  real  tiae  aad  ratio  of  the  effective  value  of  initial 
ultratransitory  short-circuit  current  to  the  steady  current  p*«  =  ~ , 

yoo 

!••• 

'♦„  =  /<{*".  0- 
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Let  as  nets  that  with  a bosses  oa  the  gsnerators  of  auto vatic 
fisld  regulators  relatloa  —  is  sore  than  unitf  and  V»>/-  During 

*oo 

short  circuit  at  the  distant  point  0**»1  and 

Vn  ~  t  ~  lum  +  /.’ 

If  on  generators  are  autosatic  fisld  regulators,  then  relation 
P"  -  can  be  sore  or  less  than  unity,  and  it  can  be  equal  to  unity 
also  vith  the  nondistant/unreaoved  point  of  short  circuit  (see  curves 
in  Pig* .4-21 ).  Therefore  also  the  fictitious  tine  of  periodic  of 
coaponeat/tera  can  be  aose  or  less  than  the  real  tine  of  the  course 
of  short-circuit  current  sad  it  is  egual  to  real  time  only 

during  short  circuit  at  the  distant  point.  In  other  words,  if  as  a 
result  of  the  calculation  of  short-circuit  current  it  proves  to  be 
that  but  all  interaediate  values  are  less  (curve  u  in  Fiq. 

6-21),  then  r  <<  and  it  aust  be  deterained  by  curves  in  Fiq.  7-6 
with  0***1.  But  if  it  proves  to  be  that  I"  —  /„=*/„  (straight  line  6  in 
Pig.  6-21),  then  ***  =  *■ 

Carves  in  Pig.  7-6  are  applied  for  deteraination  /'?,n  and  durinq 
the  tvo-phase  short  circuit;  in  this  case 

.»(2>_  I"'1'  _  0,B7/"<31 
r  /(**  i(2»  ‘ 

CO  CO 

The  fictitious  tiae  of  apsriodic  of  couponent/tera  is  the 
tiae  during  which  the  steady  curreat  separates/liberates  in  conductor 
the  sane  quantity  of  heat,  as  aperiodic  coaponent/tera  for  real  time. 


# 
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The  r>lu«  of  the  fictitious  tise  of  aperiodic  of  conponent/ter m 
can  bo  deter ained  fros  tbs  formula  (conclasioa/outpot  see  £  7-2]) 

v.=7,.r(i-r^).  (Mi) 

For  branch  circuits  are  above  1000V  on  the  average  it  is 
possible  to  accept  Tt  =  U.05  am  then  with  t^X).  1  s  approximately 

1,4 

V.^0-05?"'-  (M2) 

Aperiodic  component/ter a  attenuates  very  rapidly  (during  0. 2-0.1 
s) ;  therefore  during  the  det ernination  of  the  teaperature  of  heating 
conductor  by  short-circuit  current  of  its  one  should  consider  only 
with  estiaated  tine  t<1  s*  since  only  in  this  case  the  isolated  by  it 
guantity  of  heat  is  coaaensurated  with  the  guantity  of  heat,  isolated 
by  periodic  by  coaponent/t*ca« 


For  aulas  (7-8)  and  |7-9)  are  brought  out  under  the  assumption  of 
the  constancy  of  the  resistivity  of  conductor  in  the  process  of 
heating  by  its  short-circuit  current.  In  actuality  p  can  considerably 
change;  therefore  calculation  \  or  according  to  these  formulas 
can  lead  to  errors. 

Therefore  in  practice  designs  the  teaperature  of  heating 
conductor  by  short-circuit  current  usually  deteraine  by  curves  »  in 
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Fig.  7-7,  which  gives  dependence  ft„  =  /(/*<)  taking  into  account  change 
fi  and  C  daring  heating  of  collector  and  without  taking  into  account 
heat  eaisaion  into  the  environaent. 


FOOTS OTB  ».  Carves  are  constructed  lower  by  s.  a.  Gelikoiskiy. 
BIDFOOTIOTE. 


Here  j*I/s  -  current  density  in  conductor.  Carves  are  constructed  for 
the  initial  teaperatore  of  conductor,  equal  to  zero. 

For  the  purpose  of  sieplif ication  in  the  recordings  let  us  agree 
the  values  of  abscissa  to  designate  by  letter  A* j*t= ( 1/s)  *t. 

Order  of  the  use  of  carves  following  (Fig.  7-8).  First  by  the 
tenpereture  of  conductor  to  short  circuit  is  deternined  by 
appropriate  curve  the  value  of  abscissa  (point  a  in  heating  curve 
it  is  the  initial  point  of  heating  conductor  by  short-circuit 
current) • 
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Proa  #4-12  it  is  known  that  during  short  circuit  at  any  point  of 
nstsork  Therefore,  if  as  a  rssalt  of  the  calculation  of 

short-circuit  current  it  turnad  out  that  tho  and  heating 

offsets  should  ba  dataraiaad  during  thraa-phaaa  short  circuit.  But  if 
it  turaad  out  that  than  hasting  affects  can  be  wore  either 

with  three-phase  or  during  two- phase  short  circuit,  which  depends  on 
the  duration  of  the  course  of  current,  since  Q— CV  that  for  solving 
this  question  is  sufficient  to  coapare  values  J*mt  for  both  means  of 
short  circuit. 


Xf  C’C> than  heating  effects  are  wore  with  three-phase 
short-circuit  currant,  and  vice  versa.  Let  us  recall,  as  noted  into 
$4-12  that  when  always  /£’> /»•  Therefore  during  short 

circuit  on  the  side  of  the  secondary  voltage  of  substations,  in 
networks  after  linear  reactors  and  in  installations  of  their  own 
needs  of  stations  heating  effects  are  always  wore  with  three-phase 
short-circuit  current. 

If  calculation  shows  that  with  the  accepted  on  the  normal  "ode 
of  work  section  of  current-carrying  part  the  teaperature  of  its 
heating  during  short  circuit  is  obtained  inadaissibly  large 
l  then  it  is  expedient  for  the  purpose  of  the  acceleration  of 

calculations  to  deternine  the  niniaun  persissible  section  of 
current-carrying  part  by  the  heating  condition  by  its  short-circuit 
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carreat.  For  this  tkroegh  tha  known  taaparatoce  of  the  normal  mode  of 
carrent~carrying  part  0„  aad  sexism  permissible  for  it  teaperature 
find  throagh  tha  appropriate  curve  on  Pig.  7-7  values  of 
abscissa  .4h  aad  «,„•  aad  them,  using  formula  (7-13),  is  determined 
tha  aiBiaaa  permissible  sactioa  of  the  current-carrying  part: 


Lat  as  designate  Y \=C.  than 

(7-15) 

For  tha  majority  of  practical  calculations  it  is  possible  to 
taka  tha  following  values  of  Cs 

for  copper  busbars  aad  cables  with  copper  veins/strands  to  10  kv 
inclusively  ...  0165 

for  alaainua  busbars  and  cables  with  aluminum  veins/strands  to 
10  M  inclusively  ...  090 

for  steal  busbars  with!*,.  -too-  c  c  =  7o 

for  steal  busbars  with  ....  ..,c - 3oo* c  c»6o 


Oa  j,m  is  selected  tha  near  larger  standard  section  of  the 
conductor  foa  appropriate  reference  tables  to  cables,  busbars  and  the 
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like  -  see  applications/appendices). 

If  the  currant  of  load  selected  thus  currant-carrying  part 
considerably  tha  lass  long  let-go  currant  according  to  noris,  then  is 
axpadiaat  tha  rafinauant  of  calculation  by  detaraining  the  real 
taaparatura  of  current-carrying  part  to  short  circuit  according  to 
tha  foraula: 

where  /„  -  currant  of  tha  load  of  tha  currant-carrying  part; 

ft,  -  taaparatura  of  heating  currant-carrying  part  with  the  current  of 
load  A<- 

/AOn  aad  *«on  -  long  lat-go  current  and  taaparatura  of  current-carrying 
part  vith  noraal  operation  (according  to  tabulated  data) ; 

ft,—  Calculated  aabiant  taaparatura. 


i 

J 
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Ply*  7-8,  Ntiriiutloa  of  teaperature  oK  taking  into  account 
teaperature  »„  of  current-carrying  part  to  short  circuit. 

Mj:  (1).  Coppor. 

Pago  139. 

The  rofiaeaent  of  the  value  of  teaporataro  frequently  makes 
it  posslblo  to  select  the  near  substandard  range  section  of 
current- carry  lag  part  in  coaparison  with  SUUH  (with  necessary  checkou 
deter  aiaatioa  <\) 

If  the  current-carrying  parts*  selected  on  the  currents  of  the 
aorsal  soda  of  work*  excessively  overheat  by  short-circuit  current* 
then  should  be  thought  over  the  possibility  of  the  artificial 
liaitation  of  the  value  of  the  short-circuit  current  and  decrease  of 
the  tiae  of  its  action  (decrease  of  the  operating  tine  of  relaying). 
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It  is  sscsssar y  to  reaeaber  that  as  increase  in  the  section  of 
current-carrying  parts  is  the  conditions  of  acting  the  short-circuit 
cnrrents  is  always  less  desirably  as  a  result  of  the  overexpenditure 
of  nonferrons  netal. 

Against  the  actions  of  short-circui t  currents  are  not  checked 
£3-6]: 

1)  the  corrent-carrying  parts*  shielded  by  the  safety  fuses  (see 
Chapter  14)  or  high-iapedance  cnrrent-liniting  resisting  (for 
exaaple*  busbar  in  the  circuits  of  voltage  transformers) ; 

2)  busbar  and  cables  to  individual  receivers  and  separate  small 
distribution  points  of  noncritical  designation/purpose  under  the 
condition  of  such  separator  of  these  current-carrying  parts  with 
which  their  dasage  during  short  circuits  does  not  lead  to  blast  or 
fire  or  to  the  daaage  of  the  adjacent  current-carrying  parts  and 
eguipaent;  it  oust  be  also  provided  the  possibility  of  replacing  the 
conductor  without  the  considerable  difficulties; 

3)  busbar  and  cables  to  critical  individual  receivers*  including 
to  shop  transforaers  in  total  power  to  750  kVA  inclusively  and  with 
priaary  voltage  to  10  kv  inclusively*  if  in  electrical  or 
technological  part  is  a  necessary  redundancy  with  which  the 
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cutoff /disconnection  of  the  receivers  indicated  does  not  cause  the 
disorder  of  production  process  (with  the  observance  of  the  indicated 
in  p.  2  conditions  of  separator)* 

Bra  a  pie  of  7*3.  To  check  to  t  hemal  resistance  during  short 
circuit  power  pa per- insulated  cable  with  copper  veins/strands  by 
section  3s1S0  nw*  with  the  following  data: 

•„  -  60*  C;  l"i3>  -  25  to;  /£'  -  12.5  /&; 

/2*»I7.6  iS;  0.7  f&. 

Key:  (1).  kk.  (2).  s. 

switches  low-speed. 

The  estiaated  tiae  of  the  action  of  short-circuit  current  we 

deter  aiae  froa  for  aula  (7-4): 

(!) 

°-7  +  °-2~  °-9  *eK- 

Key:  (1).  s. 

Be  deteraine,  with  what  aeans  of  short  circuit  are  sore  thermal 
actions.  Since  t<1  a,  then  calculation  we  conduct  taking  into  account 
aperiodic  coa  ponent/t^ra. 


Fictitious  tiae  during  the  three-phase  short  circuit 
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Oa  carves  in  Pig.  7-6  with  0»*»2  and  t*0.9  s  we  find  V*  —  <.4  s. 
according  to  foraala  (7-12)  an  dat  amine: 

<♦..  “  0.°5p'  -  0.05-  2*  -  0.2  (&. 

Soy:  (1)-  a. 

PallAotal/coaplata  fictitious  tins 

<2»  -  +  <*.  -  1.4  +0.2-1.6  (lie. 

leys  (1).  s. 


Pictitioas  tins  daring  the  two-phase  short  circuit 
- 037/"®  -  0,87.25  -  21,8  (ca; 


p"<*»  .  i__  «, 

Kay «  (t).  kd. 


<*»  21,8 


17^- 


U4. 


Oa  carves  in  Pig.  7-6  with  0**«1.24  and  t=0. 9  s  we  find  Vn^0-9 
s.  according  to  foraaia  (7-12)  aa  dataraine: 

V»- 0.05  - 1.24*  5=  o.oe  f 

■ays  (1).  a. 

PallAetal/coaplete  fictitious  tins 

-  0.9  +  0.08  _  0.98  (lie. 

■ays  (1).  s. 

Coapariag  the  axprassioas  of  fora  oa  find: 


I2,5*.|,6<l7,6».0,9i, 
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coBMfitDtlf,  in  tharaal  sens*  ia  aore  dangerous  two-phase  shor+ 
circa it. 

Ob  car**  for  copper  in  Fig.  7-7  whan  »,,=65*c  w«  find  a,  — u-io*. 
Farther  dateraina: 

+  (!”“)\«.  -  2.45-  10*. 

Oa  curve  for  coppar  a*  find  »„«:  iwc.  that  lass  *«„.«- 250° c  (see 

ibovt) ,  i.a. .  cable  la  tfaeraostahle. 
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Page  140. 

Chapter  Eight. 

LIMITATION  OF  SHORT-CIRCUIT  CURRENTS. 

8-1.  General  information. 

In  powerf ul /thick  electrical  devices  and  supplied  by  them 
electric  systems  the  short-circuit  currents  can  reach  such  high 
values,  that  electrical  equipment  of  electrical  stations  and 
substations,  and  also  section  of  tne  cables  of  electric  system  is 
necessary  to  select  not  according  to  the  conditions  of  normal  mode, 
but  on  the  basis  of  the  stabilization  of  their  work  during  short 
circuits.  The  use/application  of  electrical  equipment  and  cables, 
calculated  for  large  short-circuit  currents,  leads  to  a  considerable 
increase  in  initial  costs  of  electrical  devices  and  their 
netuorks/qr ids .  in  certain  cases  the  short-circuit  currents  can  be  so 
great  that  generally  proves  to  be  impossible  or  very  difficult  the 
selection  of  electrical  equipment  and  cables,  stable  during  short 
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circuits. 

Therefore  in  po we rf ui/thiclc  electrical  devices  apply  artificial 
■easures  the  limitations  of  short-circuit  currents  how  is  reached  the 
possibility  of  applying  of  the  cheaper  electrical  equipment:  lighter 
types  of  electrical  devices,  busbars  and  the  cables  of  smaller 
sections.  Ideal  would  be  such  condition  when  the  electrical 
equipment,  selected  according  to  the  conditions  of  normal  mode,  would 
prove  to  be  stable  and  during  short  circuits* 

Are  examined  below  the  different  methods  of  limiting  the 
short-circuit  currants.  The  selection  of  one  or  the  other  method  of 
limitation  is  determined  by  local  mounting  conditions  and  must  be 
reinforced  by  the  technical- economic  calculation:  compare  the 
fundamental  and  operating  costs  of  the  versions  of  installation 
without  limitation  and  with  the  limitation  of  short-circuit  current 
or  compare  the  same  values  for  versions  with  the  different  methods  of 
limiting  the  short-circuit  current.  In  this  case  should  be  considered 
not  only  this  installation,  out  it  is  compulsory  and  that  electric 
system  which  from  it  is  supplied. 

From  powerf ul/thich  electrical  stations  and  substations  are 
supplied  the  very  branched  cable  systems  with  the  numerous  reducing 
substations,  on  they  are  which  established/installed  a  large  number 
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of  different  electrical  devices.  Therefore,  if  the  realization  of 
actions  for  the  limitation  of  short-circuit  currents  leads  even  to 
certain  increase  in  the  capital  expenditures  and  the  operating  costs 
for  this  installation,  then  this,  as  a  rule,  with  excess  it  is 
redeemed  due  to  the  reduction  of  prices  of  the  cables  of  net worh/grid 
and  electrical  equipment  oi  suDstations,  and  in  certain  cases  and  due 
to  the  decrease  of  operating  costs  on  electric  system  and 
substations.  Por  example,  during  tue  setting  up  of  reactors  on  the 
waste/exiting  cable  lines  of  power  plant  (Fig.  8-7c)  the  cost/value 
of  the  construction  of  the  distributor  of  station  usually  increases 
with  certain  increase  in  the  operating  costs  (energy  loss  in 
reactors,  expenditure  for  the  repair  of  reactors,  etc.).  At  the  same 
time  these  supplementary  consumption  usually  many  times  overlap  due 
to  the  decrease  of  capital  expenditures  and  operating  costs  on 
network/grid  and  reducing  substations. 

In  general  the  limitation  of  short-circuit  current  is  achieved 
by  an  increase  in  the  resistor/resistance  of  short  circuit  either  via 
the  realization  of  the  separate  operation  of  the  feeding 
aggregates/units  and  lines  of  electric  system  or  by  the  inclusion 
consecutively/serially  into  the  circuit  of  special 
resistors/resist  ances. 

It  is  most  considerable  the  value  of  short-circuit  current  can 
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be  restricted,  if  to  refuse  fro*  multiple  operation  on  the 
genera 1/comaon/total  electric  system  of  generators,  and  especially 
the  power  plants  of  system.  However,  this  is  completely  inadmissible 
on  the  series/row  of  the  technical-economic  reasons:  to  sharp 
deterioration  in  the  efficiency/cost-effectiveness  of  the  work  of 
separate  aggregates/units,  stations  and  power  systems  as  a  whole,  to 
a  very  considerable  decrease  in  the  reliability  of  the  power  supply 
of  users,  an  increase  of  tne  reserve  capacity  of  aggregates/units, 
etc.,  in  more  detail  those  presented  in  £h  apter  3  and  22.  On  the 
contrary,  the  clearly  expressed  trend  of  contemporary  development  of 
power  system  management  in  all  countries  of  peace/world  is  ever  wider 
association  of  power  plants  and  separate  power  systems  for  multiple 
operation  and  creation  of  the  high-power  pools. 

At  the  same  time  in  practice  is  used  extensively  for  limiting 
the  value  of  short-circuit  currents  the  separate  work  of  the 
step-down  transformers  and  lines  of  the  feeding  electric  system, 
about  which  it  will  be  said  below. 

Pa  ge  141. 

For  an  artificial  increase  in  the  resistor/resistance  of  short 
circuit  are  connected  in  three  phases  inductive  reactances,  called 
reactors,  or  effective  resistance. 
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In  installations  with  voltage  higher  than  1000  V,  where  relative 
valua  of  the  effective  resistance  of  circuit  is  usually  small,  the 
larger  limitation  of  short-circuit  current  is  achieved  by  the  setting 
up  of  reactors.  The  current-limiting  effective  resistance  are  applied 
mainly  in  the  low-power  circuits  of  voltage  transformers  (see  Chapter 
20)  .  Will  be  examined  below  limitation  of  short-circuit  currents  with 
the  aid  of  reactors. 

When  selecting  and  development  of  the  schematics  of  the 
electrical  connections  of  installations  and  networks/grids  it  is 
necessary  to  consider  the  possible  strength  of  currents  of  short 
closing/short inq  and,  other  conditions  being  equal,  to  give 
preference  to  those  diagrams,  in  which  their  value  is  less  (see  Tol. 
2,  Chapter  1-5)  . 

One  of  such  cases  is  illustrated  by  diagrams  in  Pig.  8-1.  Let  us 
assume  that  from  the  district  power  plant,  equipped  by  two 
powerful/thick  turbo  units,  electric  power  must  be  transmitted  along 
two  electric  power  lines  by  voltage  220  kV  on  the  busbars  of  the 
substation  of  power  system,  which  is  located  from  power  plant  at  a 
distance  of  150  km.  Are  possible  two  versions  of  the  diagram  of  power 
plant  as  this  shown  in  Fig.  8- la  and  c.  In  the  first  version  at 
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station  are  installed  the  collecting  aains  by  voltage  220  kV, 
connected  with  two  parallel  electric  power  lines  with  the  busbars  of 
the  substation  of  system. 

In  the  second  version  are  fulfilled  block  connections  generator 
-  the  step-up  transformer  -  transmission  line  without  collecting 
■ains  220  kV  at  station.  Block  diagram  is  considerably  siepler  and 
cheaper,  for  its  fulfillment  is  required  less  than  electrical 
equipment.  At  the  same  time  in  block  diagram  are  considerably  less 
short-circuit  currents  on  power  plant,  which  illustrates  the  given 
below  example. 

Example  of  8-1.  To  compare  the  strengths  of  impact  currents 
during  three-phase  short  circuit  at  points  K  on  diagrams  in  Fig.  8-1a 
and  c. 


The  initial  data: 


"turbogenerators  G-1  and  G-2:  Sr.llOM -=235  HV  A;  ut « is, 75  kV;  /'rf*=o,i9. 
Transformers  T- 1  and  T- 2c  ST.»>i«  =  240  H VA ;  *« **  ,4%. 


Lines  L- 1  and  L-2:  2=150  km;  x  =  0.4  Q/km 
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Systea  C  3  ooo  If  A;  x.c  ■=  °.9  (to  the  busbars  of  the  substation 

of  systea,  referred  to  the  noainal  power  of  systea) . 

Nediua  voltages:  tne  step/stage  of  generator  voltage  15.75  kf, 
step/stage  of  the  increased  voltage  230  kv. 

He  accept  50  =  iooo  hva;  we  lead  to  it  the  resistors/resistances 
of  all  network  eleaents  we  connect  of  substitution  for  both  versions 
(Fig.  8- 1  b  and  c)  with  the  indication  of  thea  of  the  given  relative 
resistors/ rest  stances. 

During  deteraination  we  separate/liberate  G-2  into  separate 
branch,  since  for  it  one  should  accept  *y“1,9- 

For  the  step/stage  of  short  circuit  u* ** Uc*  "* 15,75  kV  and 

i  ooo 

/S'.  15.75  “36,7  kK’ 

Calculation  for  the  first  version  (Fig.  8- la  and  b) . 
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Resulting  resistor/resistance  from  G-l  and  C. 

•  *.  +  *, +  7+*, 

(0,81  +  0,58)  ^  — j-  +  0,3^ 


+  <«- 


then 


m  +  “Mi, 
0^1  +  0.58  +  +  03 


_  36.7  36,7 

ly  =  13  +  1.8 /?-u^r  “ 206  kA. 


Calculation  for  the  second  version  (Fig.  8-lc  and  cj), 


I 
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then 


8-1.  Diagrams  to  example  of  8-1. 


(1).  System.  (2).  substation  of  system.  (3) 


142. 


The  resulting  resistor/resistance  from  G-1 


(*■  +  *■ 


+  *»+*«••• 


*.+*!+*»  +  *. 

(0,31+0.58  +  1.13)0,3 

"*0.«r+U^>  +  1,13+0,3  +  0-53  +  '■!W- 


‘•s|/^i  +  ,/j,/?Sr  - 100 


.  tv. 


and  C 


i.e.  is  less  by  37  kA  cr  to  IBo/o, 
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The  limitation  of  short-circuit  currents  in  general: 

1)  raises  the  reliability  of  the  work  of  settings  up  and 
decreases  the  probability  of  damaging  electrical  eguipaent  during  the 
short  circuits; 

2)  make  it  possible  to  establish/install  siapler  and  cheaper 
electrical  equipment  (apparatuses,  current-carrying  parts,  etc.)  as  a 
result  of  the  possibility  of  its  selection  to  saaller  short-circuit 
currents. 


8.  2.  Separate  work  of  transformers  and  feeding  lines. 


A  substantial  limitation  of  short-circuit  currents  on  the 
secondary  side  of  the  reducing  substations  is  achieved  at  the 
separate  work  of  transformers.  This  is  evident  from  the  fact  that  if 


the  calculated  resistor/resistance  of  short  circuit  to  point  K  with 
the  multiple  operation  of  transformers  (Fig.  8- 2a,  sectionalizing 


switch  C8  it  is  connected)  comprises  (when 

-th#n  *ith  the  separate  work  of  the 


transformers  (Fig.  8-2b,  cb  it  is  disconnected)  it  increases  to 

u  %  S 

x*p«c.  .  He  re  -  inductive  reactance  of  system  to 
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busbars  Of,  in  reference  to  its  noainal  power.  Is  the  less  •x**‘  the 
sore  changes  the  short-circuit  current  with  the  separate  work  of 

transformers.  In  Halt  when  x.c  =  0  (Sc ^  =® oo)  because  of  the  separate 
work  of  current  transforaers  of  short  circuit  at  point  K  will  be  2 
tines  less,  rather  than  with  the  aultiple  operation  of  transforaers. 

With  the  separate  work  of  transformers  usually  soaewhat  at  the 
sane  tine  increase  the  loss  of  electric  power  in  then  as  a  result  of 
different  load  of  transforaers,  by  the  caused  different  load  Sj  and 
Sj  sections  of  collecting  sains  by  voltage  U2 .  However,  this  increase 
of  the  transformer  losses,  as  a  rule,  is  small;  therefore  in  practice 
they  consider  economically  advisable  to  apply  the  separate  work  of 
the  step-down  transformers  in  all  cases  when  this  is  desirable  from 
the  conditions  of  limiting  the  short-circuit  currents. 

Exce pti on/e li mi nation  can  be  the  powerful/thick  substations,  at 
secondary  voltage  of  which  are  established/installed  the  synchronous 
condensers,  employees  for  consumption/production/generation  and 
delivery  into  the  network/grid  of  the  system  of  reactive  power  (cs 
Chapter  22).  Under  these  conditions  frequently  there  is 
hindered/hampered  or  even  impossible  the  separate  work  of 
transformers  due  to  condition  into  the  network/grid  of  reactive/jet 
power,  developed  by  compensators,  and  it  is  necessary  to  retain  the 
multiple  operation  of  transformers  resorting  to  other  methods  of 


DOC  =  79134809 


FAGS 


limiting  the  short-circuit  current  which  are  presented  below. 

Powerful/thick  and  critical  installations  frequently  supply 
along  two  electric  power  lines  {Fig.  8- 3a).  It  is  obvious  that  also 
in  this  case  separate  work  of  the  feeding  lines  with  the  off 
sectionalizing  switch  CB  on  substation  (Fig.  8.3b)  gives  the  saaller 
values  of  short-circuit  currents  in  n etwork/grid,  for  exaaple  at 
point  K. 

In  circular  electric  systems  for  reduction  in  current  of  short 
circuit  it  is  possible  to  hold  the  ring  of  lines  by  normally  extended 
on  one  of  the  substaticns  of  network/grid. 
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Fig.  8-2.  Diagrams  of 
work  of  transformers. 


Fig.  a- 3. 


substation  with  parallel 


(a)  and  separate  (b) 


Fig.  8-3.  Diagrams  of  substation  with  parallel  (a)  and  separate  (b) 
work  of  feeding  lines. 


Page  143. 

Let  us  note  that  with  the  separate  work  of  transformers  and 
lines  the  steadiness  of  feed  by  electric  power  of  users  is  provided 
by  special  automatic  devices/equipaent  (AVR  -  automatic  input  unit  of 
reserve) ,  which  switch  on  normally  off  sect ionalizing  switch  S¥  with 
emergency  cutoff /disconnection  of  one  of  the  transformers  or  by  one 
of  the  lines.  The  power  of  each  transformer  or  the  capacity  of  each 


line  must  be  sufficient  for  feeu  load  of  substation 


DOC  =  79134809 


PAGE 


Example  of  8-2,  During  three-phase  short  circuit  at  point  K  in 
the  diagrae  in  Fig.  8-2  to  determine  impact  current  for  the  cases  of 
the  parallel  and  separate  work,  of  the  transformers  of  substation. 

The  initial  data:  sc  »  i  ooo  HVA;  *.c  sTH„*  =  i-’°  « 7A; 

i/,-115  kV;  Ur=-  10.5  kV. 
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J.P.C  -0.6  +  0,88  —  1 .48; 

HiS’“37RA  and  iy  -  l .8  VT-Sl  5: 95  KA,  i.e.,  it  is  less 
approxiaately/exemplar ily  to  30o/o. 

8.  3.  Ose/application  of  transformers  with  split  windings. 

Xn  certain  cases  at  electrical  stations  and  substations  can  be 
used  the  transformers  with  split  windings,  with  which  is  achieved  a 
substantial  limitation  of  short-circuit  currents. 

Transformer  with  multiple  winding  -  this  is  multicircuit 
transformer  in  which  two  or  more  than  winding  are  designed  for  one 
voltage  and  are  utilized  for  a  connection  to  the  different  sections 
of  the  collecting  mains  of  station  or  substation  (Fig.  8-5c; 
sectionalizing  switch  CB  is  normally  disconnected) . 

Host  use  extensively  powerful/thick  transformers  with  the  split 
low-voltage  windings,  as  shown  in  Fig.  8-4a  and  c  for  transformers  to 
two  and  three  voltages.  Both  circuits  of  split  winding  are  designed 
for  identical  power  (usually  to  50o/o  of  nominal  power  of 
transformer)  and  possess  identical  resistor/resistance.  The 
cost/value  of  such  transformers  barely  differs  from  the  cost/value  of 
the  transformers  of  normal  construction/design. 


In  the  necessary  cases  the  transformers  can  be  performed  with 
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splitting/fission  of  windings  into  three,  four  and  more  than  circuit, 
which,  however,  complicates  their  construction/design  and  increases 
their  cost/value. 

the  characteristic  values  of  transformers  with  split  windings  as 
triple-wound  transformers,  they  are  voltages  of  short  circuit  for 
each  pair  of  windings  with  the  idling  of  the  third  winding.  Por 
transformers  with  two  voltages  and  multiple  low-voltage  windings  such 
values  are  «kB_m  and  “.h-h  (Fig.  8-4a)  ,  and  also«ltB_H//H  •  defined  with 
parallel  connection  of  the  circuits  of  the  split  low-voltage  winding, 
i.e.,  as  for  a  usual  double  wound  transformer  without 


splitting/fission  of  its  windings 
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Pig.  8-4.  Schematics  of  transformers  with  split  windings. 

Page  144. 

The  replacement  scheme  of  transformer  by  two  voltages  with  the 
split  low-voltage  windings  is  given  in  Pig.  8-4b  (for  one  phase) . 
Inductive  winding  impedances  determine  from  the  following  conditions 

through  inductive  reactance  (with  parallel  connection  of 
low-voltage  windings) 

•*«»  =  HiiB-ii//n  ~ xa  ~}-U.5ah.  (8-1) 

Singe-circuit  inductive  reactance  (one  of  the  low-voltage 
windings  is  disconnected) 

■*oah  ^«B— II  -*B  “f"  -^H' 


(8  2) 
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Mutual  inductive  reactance  or  inductive  reactance  of  the 
splitting/fission  (Minding  B  is  disconnected) 

■*p»m  UnH—  H  ~  ^XH’  (8*3) 

Proa  conditions  (8-1)  and  (8-3)  we  obtain: 

B-H//H  -0.25H|iH_H  =  ^c»-  0,25jC^“  'A) 

while  from  condition  (8-3) 

•*H  ~  0,5Wi!H— H  ~  0,^JCpacm'  .  (85> 

Here  all  values  x  and  ««  aust  be  expressed  in  relative  unity  at 
the  nominal  power  of  transformer. 

Transformers  can  be  performed  for  different  relationshipsAatios 

M  ^piicui 

z~~  —  ~x  -but  the  optimum  value  of  this  sense  is  equal  to  4  f8-11. 

Soviet  plants  manufacture  powerful/thick  single-phases  transformer 
with  split  windings  whose  impedance  voltage  nKn_H/H  is  received  by  the 
same  as  in  the  usual  double  wound  transformers  of  the  same  power  also 
to  the  same  voltages,  when  4 


Under  these  conditions  for  Soviet  transformers  with  split 
windings: 


jcu  =  0  u  x„  =  2xt 


_ a  2  *1 

CKB  * 


(8*0) 
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Therefore  in  the  extreme  case  when  the  resistor/resistance  of 
systea  to  transforaer  (tc  winding  B)  can  be  taken  as  equal  to  zero 
('•b’O  and  **  “Ob  then  of  short  circuit  on  side  of  one  of  split 
windinqs  H  is  limited  only  to  one  resistor /resistance  independent 

of  presence  or  absence  of  power  supplies  froa  the  side  of  the  second 
winding  H.  But  if  we  consider  that  resistor/resistance  *n  is  2  tiaes 
more  than  inductive  reactance  of  double  wound  transforaer  without 
splitting/fission  of  windings,  then  in  the  limiting  case  in  question 
with  split  windings  short-circuit  current  on  the  side  of  winding  H 
will  be  2  times  less,  rather  than  with  the  transforaer  of  the  saae 
power,  but  without  split  windings. 

Via  analogous  reasonings  it  is  possible  to  deteraine  winding 
impedances  of  transformer  during  splitting/fission  of  low-voltage 
winding  on  three  and  more  than  circuit  or  during  splitting/fission  of 
the  winding  of  another  voltage. 

If  transformer  has  three  voltages  with  the  split  low-voltage 
winding,  then  winding  impedances  can  be  calculated  according  to 
formulas  f  4—  1 ,  Section  35]; 

*0  “  B-C  +  “k  B-H  —  “«  C—  »)• 

*C  -  0.5  b-C  +  "«  C-H  -  “«  B-h1 
*H  =  0,5  (II.  b_h+“»  C— H  U*  B— cl  0,25u.  H_H; 

*H  ~  0.5«,  H_M. 
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Here  “« b-c*  “« a— h  and  “«c-h  -  iepedance  voltage  of  triple-wound 
transformer  without  splittiag/f lesion  of  its  windings. 

For  single-phases  transforaer  with  concentric  windings  during 
their  usual  location  relative  to  core  (near  core  -  winding  HH,  then 
winding  CH  and  the  outer  winding  BH)  it  is  possible  to  accept: 

“«  H-H  "•  xp*ci*  “  c-H-  (8-8) 

Example  of  8-3.  To  coapare  the  strengths  of  impact  currents 
during  three-phase  short  circuit  at  points  K- 1  on  diagraas  in  Fig. 
8-5a  and  c. 

The  initial  data: 

Hydraulic  generators  U- 1  and  G-2:  sr  85.5  UFA;  O,  ^  -  io.5  kf; 
x"u  =“ have  damping  windings. 

Transformer  T;  group  of  three  single-phases  transforaer  with  a 
power  of  ^t.hox  —  3. go- (1VA;  »« =*  i°.5%i  for  single-phases  transforaer  with 
the  split  low-voltage  windings  u, „_H/,H -  10,5%  and  “« h-h - *u, b-m//h- 

System  C:  sc(h,;  =  500  ava,  *.c  =  o,7.' 


He  accept  So- too  h? A  and  - C'co«iu,5  kv ;  then  /„-5.5  tk 


t 


i 


i 
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Fig.  8-5.  Diagrams  for  eiaaple  of  8-3. 


Page  145. 

For  both  versions  we  connect  of  substitution  (Fig.  8-5b  and  c) 

and  indicate  them  the  resistors/resistances,  led  to  base  line  power. 

For  a  version  with  the  split  low-voltage  windings  according  to 

conditions  (8-6)  -*u  **  o  and  *n  i.ioi  o,.*i,  then  and 

,  ino 


In  both  versions  short-circuit  current  on  generator  G-1  one  and 


the  same,  since  it  does  not  depend  on  the  type  of  the  adjustable 
transformer.  Let  us  determine  this  current  by  foraula  (6-55) ,  after 
accepting  on  Table  6-1  for  a  hydraulic  generator  with  daaper  windings 
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when  V“°.S4 'coefficient  *s=l,0a 

/",  "  nnr~2l-4kA  and  <y-  1.9  1rt.21.4-5s  ki. 

Calculation  for  the  first  version  (Fig.  8-5a  and  b) . 

For  the  branch  of  systea  k-1;  therefore 

1‘  “  O',  U  +  0.058"  i7,8  • 

Current  froa  generator  r-2  i'^2^  =  2U 

lapact  current  froa  systea  and  generator  G-2 
■  <y_ 58 +  1.^  1^2-27.8 129 kA,  but  taking  into  account  generator 

I  I  <,  -  129  +  53=  187  kA. 

Calculation  for  the  second  version  (Fig.  8-5c  and  d)  . 

For  the  branch  of  systea  and  second  hydraulic  generator  we 
accept  how  for  the  case  cf  different  types  of  generators,  k*1. 

Resulting  resistor/resistance  froa  systea  and  second  generator 
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«.  (*»  +  «») 

0,14  (0,28  -f-  0.1  |G) 

“  0,14  -f  0.28  +  0,116  +  0.1 10  =&  0,22. 

Current  from  systea  and  second  generator  A  and 

iy-»  i.8V'T25«i04kA,  but  taking  into  account  generator  £-/  *v  “64 +  58=*  *22  k*. 

Thus,  because  of  the  use/application  of  a  transforaer  with  split 
winding  the  flowing  into  point  K- 1  iapact  short-circuit  current 

129 

changed:  from  systea  and  generator  G-2  -  in  jj-  ==2  the  tiae,  and 
full/total/complete  value  -  in  p>5-«i,5  tiae,  which,  of  course, 
substantially  manifests  itself  when  selecting  of  electrical  eguipaent 
of  generator  voltage. 

Since  through  inductive  reactance  of  transformer  with  split 
windings  is  equal  to  inductive  reactance  of  usual  transforaer  without 
splitting/fission  of  windings,  then,  obviously,  the  value  of 
short-circuit  current  during  short  circuit  at  the  increased  voltage 
at  point  K-2  in  both  cases  will  be  identical. 

In  the  second  version  of  diagram  in  Pig.  8-5c  sectionalizing 
switch  CD  of  normal  is  disconnected  and  generators  work  in  parallel 
through  the  transforaer  with  split  windings,  iith 
cutoff/disconnection  of  one  of  the  generators  switch  CB  must  be 
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connected  so  that  the  corres ponding  section  of  the  busbars  of 
generator  voltage  would  be  supplied  directly  fro*  resaining  in  work 
generator.  This  prevents/warns  the  return  flow  of  power  through  the 
split  circuits  of  the  low~voi.taye  windings  cf  transformer,  which  is 
con jugated/combined  with  the  considerable  losses  of  voltage  and 
energy. 

8.4.  Ose/application  of  reactors. 

Reactor  is  coil  with  the  low  active  resistor/resi3tance ;  the 
turns  of  coil  are  isolated/insulated  from  each  other,  and  entire  coil 
as  a  whole  is  isolated/insulated  from  the  grounded  parts.  Coil  is 
fastened  on  framework/body  troa  insulating  material  (see  Fig.  8-/^ 


The  ends/leads  of  the  windings  are  equipped  with  terninals/g rippers 
for  the  series  connection  of  reactor  into  network/grid.  In 
three-phase  settings  up  are  applied  the  reactors,  which  consist  of 
three  coils. 


Reactor  is  characterized  by  rated  current  lf>.» 


U 


p.HOM 


and  inductive  reactance  in  percentages  •*>*/#• 


determined  from  the  following  formula  (see  Chapter 

V3xJn 


P  p.HOM 


100. 


(8-9) 


•  noainal  voltage 
The  latter  is 
6): 


where  =  tuZ-lO"3  [oha  ]  with  the  inductance  of  reactor  L,  expressed  in 
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■illi  henry. 

The  effective  resistance  of  reactor  is  insignificant;  therefore 
during  calculations  of  short-circuit  currents  of  its  they  do  not 
consider. 

The  reactors,  used  for  limiting  the  short-circuit  currents,  are 
performed  without  steel  cores  so  that  the  inductance  their  L  and, 
consequently,  also  inductive  reactance  would  not  depend  on  the 
current,  flowing  on  the  winding  of  reactor.  If  reactor  was  equipped 
with  steel  core,  then  with  the  course  of  short-circuit  current  would 
occur  the  saturation  of  core  and  the  decrease  of  the  inductance  of 
reactor.  Therefore  the  reactor  with  steel  core,  which  possesses  with 
the  saturated  core  the  inductance,  sufficient  for  the  assigned 
limitation  of  short-circuit  current,  would  have  in  the  noraal  node  of 
work  -  with  unsaturated  core  -  the  increased  value  of  inductance, 
which  would  lead  to  the  increased  loss  of  voltage  in  it  in  the  noraal 
node  of  work.  Furthermore,  reactor  with  steel  core  is  more  expensive 
in  it  more  than  energy  loss:  are  added  core  loss  to  hysteresis  and 
eddy  currents. 

Page  146. 


If  the  circuit  into  which  is  connected  the  reactor,  is  supplied 
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from  the  source  of  the  unlimited  power,  i.e.,  if  the  voltage, 
conducted/supplied  to  reactor,  in  all  aodes/conditions  reaains  the 
constant  and  equal  to  Uc p  (condition  xe  =0),  then  periodic 
component/term  of  short-circuit  current  during  damage  after  reactor 
is  determined  from  formula  (6-47)  : 

/  =  /  100 
“  M“VT- 

from  which  it  is  evident  that  is  the  more  jcp*/»  and  is  the  less  ^p.HOm> 
the  less  and  maximum  possible  short-circuit  current  during  damage 
after  reactor. 

with  the  feed  of  circuit  from  the  intallation  of  final  power  the 
ability  of  reactor  to  limit  short-circuit  current  is  characterized  by 
its  relative  base  line  resistor/resistance,  determined  according  to 
formula  (6-20) .  The  greater  the  relative  base  line 
resistor/resistance  of  reactor,  the  more  it  limits  short-circuit 
current . 

If  we  for  base  line  power  accept  the  nominal  power  of  the 
generators  of  station  or  system  and  respectively  in  formula  (6-20) 

/*  to  replace  then  it  will  become  obvious,  that  reactor  the  more 
limits  the  short-circuit  current,  the  less  its  rated  current  in 
comparison  with  the  given  rated  current  of  power  supplies,  or,  in 
other  words,  the  less  the  power  of  circuit,  into  which  is  connected 
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the  reactor,  in  comparison  with  the  power  of  the  feeding  of 
installation  or  system. 

Thus,  with  the  same  value  *PV  reactors  to  small  rated  currents 
more  greatly  limit  short-circuit  currents,  rather  than  reactors  to 
large  rated  currents. 

In  the  normal  mode  cf  work  in  reactor  is  certain  loss  of 
voltage,  the  numerically  equal  to  an  arithmetical  difference  in  the 
phase  voltages  before  and  after  reactor  —  Pi-9*  8-6a  gives 

the  diagram  of  voltage  distribution  in  circuit  with  reactor  during 
the  normal  mode  of  the  work,  on  which  is  shewn  the  loss  of  voltage  in 
reactor  The  dependence  between  the  loss  of  voltage  and  a  drop 
in  voltage  l"'x  in  reactor  it  is  easy  to  determine  from  vector 
diagram  in  Fig,  8-6b,  constructed  under  the  assumption  rp  —  0.  If  we 
conduct  arc  with  a  radius  of  t/)4).  then  the  loss  of  voltage  will  be 
determined  by  cut  6e  =  bU*  —  UXQ  —  U^. 

In  view  of  the  smallness  of  angle  <V  if  is  possible  to  accept 
cut  z«  =  0  and  to  assume  67==  6e  dl/^.From  triangle  abc  we  determine 
6z—ao  sin  ?  or 


After  substituting  the  resistor/resistance  of  reactor  in  percentages 
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fro*  formula  (8-9)  and  after  producing  the  necessary  transformations, 
we  trill  obtain: 


At/*/, =*,•/•/—  sin  9. 


Since  usually  =  Uyn  1(0)|,  the  expression  (8-10)  lakes  it 
possible  to  deteraiLd  tne  loss  of  voltage  in  reactor  in  the 
percentages  of  the  nominal  voltage  of  setting  up  with  known  for  load 
circuit  (reactor)  L- 


Power  loss  in  reactors  without  cores  is  usually  s*all  and 
composes  0.15-0. 4o/o  of  power,  which  takes  place  through  the  reactor. 
In  spite  of  this,  the  annual  loss  of  electric  power  in  reactors  can 
be  considerable. 
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Fig.  8-6.  Nonal  mode  o£  the  work  of  circuit  with  reactor,  a)  the 
diagraa  of  the  voltage  distribution;  b)  vector  diagram  of  voltages 
and  currents. 


Page  147. 

If  is  noted  for  power  loss  in  the  coil  of  the  reactor  (see  table  P-7) 
with  load  its  rated  current  W  then  annual  energy  loss  in  the  coils 
of  three  phases  will  be  determined  according  to  the  following 
formula,  known  from  course  "electrical  networks"  [7-1]; 

(8M) 

where  '•.me  -  a  current  of  the  peak  load  of  circuit  (reactor)  ,  and; 


AP  -  power  loss  in  reactor  with  rated  current,  k»; 
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r  -  tine  of  maximum  losses  which  deter aine  depending  on  /'»« c 
(see  4-3)  and  cos  #  the  loads  of  circuit  according  to  the  diagram, 
given  in  appendix  11-8. 

Fig.  8-7  gives  different  circuit  diagrams  of  reactors  on 
electrical  stations  and  substations.  During  the  evaluation/estinate 
of  these  diagrams  should  ue  considered  the  losses  of  voltage  and 
energy  in  reactors  and  the  effectiveness  of  the  limitation  by  thea  of 
short-circuit  current. 

Reactors  P,  established/installed  in  the  circuits  of  generators 
(Pig.  8-7a),  limit  the  currents  of  short  during  closings/shortings 
both  within  the  limits  of  station  itself  -  in  the  circuits  of 
generators  and  waste /e xi ting  lines,  on  collecting  mains  both  in  other 
circuits  and  at  any  point  of  electric  system,  which  feeds  from 
station.  A  def iciency/lacx  in  the  diagram  is  small  limitation  of 
short-circuit  current  as  a  result  of  the  large  rated  current  of 
reactors  (/,,„>/,  MOJ  with  their  comparatively  small  inductive 
reactance  -  not  more  than  6-80/0.  latter/last  limitation  is  caused  by 
the  loss  of  voltage  in  the  reactors  through  which  flows/occurs/lasts 
entire/all  manufactured  by  generators  electric  power.  So,  if 
generators  work  with  cos  <p*0.8,  then  according  to  formula  (8-10)  the 
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loss  of  voltage  in  reactors  with  inductive  reactances  indicated  with 
full  load  will  compose  3.6-4.3o/o.  With  respect  to  this  for 
guaranteeing  normal  stress  on  the  collecting  mains  of  station  load 
voltage  of  generators  must  be  supported  to  3.6-4.  8o^  of  higher  than 
their  nominal  voltage  (generators  of  domestic  manufacture  can  long 
work  with  voltages,  that  exceeds  their  nominal  voltage  to  lOo/o 
inclusively;  however,  with  increase  voltages  more  than  on  5o/o 
generators  cannot  be  loadad  to  their  nominal  power  -  see  §22-1). 

Besides  that  indicated,  in  the  diagram  a  in  question  the  value 
of  short-circuit  current  on  the  collecting  mains  of  station  increases 
proportional  to  a  number  or  connected  generators;  therefore  in  this 
diagram  it  is  not  possible  to  fulfill  powerful/thick  station  to  a 
large  number  of  aggregates/units.  In  this  diagram  are  considerable 
also  the  annual  losses  of  electric  power  in  reactors.  All  this  tells 
the  inexpediency  of  reactor  shutdown  in  the  circuit  of  the  generators 
of  power  plants. 

In  diagram  b  are  established/installed  the  sectional  reactors 
PC- 1  and  PC-2,  connected  in  series  into  collecting  mains.  The 
waste/exiting  lines  distribute  between  sections  so  that  they  as  far 
as  possible  would  be  loaded  equally.  Therefore  in  the  normal  mode 
throuqh  sectional  reactors  flow/occur/last  small  currents  and  power 
losses  and  energy  in  them  they  are  small. 
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Sectional  reactors  limit  currents  during  short  circuits  both  at 
station  itself  and  in  its  electric  system,  However,  short-circuit 
currents  from  the  generators  of  different  sections  are  limited 
different ly. 


Fiq.  8-7.  Sites  of  installation  of  reactors  in  the  diagrams  of 
connections  of  electrical  stations  and  substations. 


Paqe  148. 

So,  during  short  circuit  at  point  K  in  the  diagraa  b  current  K\  froe 
generator  G-1  is  not  limited  to  sectional  reactors,  current  /.froe 
generator  G-2  is  liaited  oy  one  sectional  reactor  PCh-1,  but  current 
/k3  froe  generator  l^3  is  iiiited  by  the  already  two  reactors:  PC-1 
and  PC-2;  therefore 

With  the  cutoff /d isconnection  of  generator  of  one  of  the 
sections  through  the  sectional  reactor  flows/occurs/lasts  the  current 
of  load,  necessary  for  the  feed  of  the  waste/eriting  lines  of  the 
section  of  the  disconnected  generator.  In  the  sajority  of  the  cases 
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sectional  reactor  proves  to  be  loaded  to  the  current,  which  does  not 
exceed  60-8 Oo/o  of  the  rated  current  of  generator.  To  this  current 
■ust  be  selected  sectional  reactor. 

Of  the  condition  of  Uniting  the  short-circuit  current  it  is 
desirable  to  have  largest  possible  resistor/resistance  of  sectional 
reactors.  But  taking  into  account  that  in  the  noreal  node  through 
sectional  reactors  certain  current  nevertheless  flows/occurs/lasts 
(caused  by  the  in  practice  different  load  of  sections),  for 
warning/preventing  the  considerable  difference  of  voltages  in 
sections  apply  sectional  reactors  with  resistor/resistance  to  8-IO0/0 
and  as  an  exception  12c/o. 

Thus,  with  the  aid  of  only  the  sectional  reactors,  which  possess 
larqe  rated  current  during  a  comparatively  snail  resistor/resistance, 
it  is  not  possible  to  considerably  restrict  short-circuit  current, 
especially  if  one  considers  that  from  one  of  the  current  generators 
of  short  circuit  remains  unconfined  (in  the  diagram  b  -  current 
from  generator  G-1).  With  the  aid  of  some  sectional  reactors  it  is 
possible  to  attain  the  necessary  limitation  of  short-circuit  current 
only  on  power  plants  with  a  small  number  of  generators  of 
comparatively  small  power. 


If  during  the  design  of  the  power  plants  of  small  and 
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average/mean  power  appears  the  need  of  limiting  the  short-circuit 
currents,  then  always  should  he  checked  the  possibility  of  applying 
this  method  of  reactance/reacting  as  an  economically  very  advisable 
as  a  result  of  a  small  number  of  reactors  small  increase  in  the 
capital  expenditures  and  small  annual  energy  losses  in  reactors. 

With  an  increase  in  the  number  of  sections  the  short-circuit 
current  in  diagram  b  grows/rises  proportional  to  a  number  of 
sections,  but  it  is  considerably  slower.  In  more  detail  than  the 
diagram  of  stations  with  the  reacted  collecting  mains  they  are 
examined  in  Vol.  2. 

On  diagrams  b-1  and  o-2  is  shown  the  installation  of  reactors  on 
cable  lines  by  the  voltage  b-10  kV  of  power  plants.  Reactors  in  lines 
decrease  the  short-circuit  current  only  during  closing/shorting  in 
network/grid,  i.e.,  on  line  after  reactor.  Actually/really,  during 
short  circuit  on  the  collecting  mains  of  station  at  point  K- 1 
(diagram  b  1)  the  short-circuit  current  from  generators  to  reactors 
is  not  limited.  Is  not  limited  it,  also,  during  closings/shortings  in 
the  circuits  of  generators  (K-2)  or  during  connections  to  the 
collecting  mains,  not  eguipped  with  reactors  (K-3). 

In  the  case  of  closing/shorting  on  line  after  reactor  (K-4  in 
the  diagram  b  —  2}  the  short-circuit  current  is  considerably  limited  to 
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the  resistor/resistance  of  the  reactor 

C  + 'u  <'..+'*• 


The  rated  current  of  reactors  on  the  vast e/exiting  lines  is 
usually  small;  therefore  they  considerably  limit  short-circuit 
current,  ever,  with  the  small  value  of  their  inductive  reactance.  The 
latter  can  reach  8-IO0/0,  but  when  in  normal  mode  the  loss  of  voltage 
in  reactors  does  not  exceed  5o/o  [it  is  determined  from  formula 
(8-10)  ]. 


During  short  circuits  in  uetvork/grid  the  loss  of  voltage  in  the 
reactor  of  line  makes  it  possible  to  support  at  the  collecting  mains 
of  setting  up  consideranle  voltage,  as  is  evident  from  the  diagram  of 
voltages  on  Fig.  6-1.  The  greater  the  value  of  residual  voltage,  the 
less  affects  the  short  circuit  the  work  of  the  electrical  receivers 
of  the  sound  lines,  connected  to  the  sane  collecting  mains. 


the  value  of  the  residual  voltage,  supported  by  reactor  at 
collecting  mains,  can  be  determined  by  formula  (6-51) .  After 
accepting  short  circuit  on  line  directly  after  reactor  and  after 
expressing  the  resistor/resistance  of  reactor  in  percentages,  after 
the  transformation  of  the  formula  indicated  we  mill  obtain: 


I'.ct* 


(8-12) 
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Usually  ^oct  they  deterei&e  when  /m_/»  When  t/pHOM  s.  ute T1WM  for  foreula 
(8-12)  it  makes  it  possible  to  determine  residual  voltage  in  the 
percentages  of  the  nominal  voltage  of  installation. 

The  value  of  residual  voltage  is  not  calibrated. 

Deficiencies/lacks  in  the  limitation  of  short-circuit  currents 
with  the  aid  of  reactors  on  lines  (diagram  c)  are:  the  need 
installation  of  a  large  number  of  reactors,  that  very  complicates 
construction/design  and  operation  of  distributor  and  increases  its 
cost/value,  essential  energy  losses  in  reactors  and  finally  the  need 
of  regulating  the  voltage  on  the  collecting  mains  of  installation 
taking  into  account  the  loss  of  voltage  in  the  reactors  of  lines. 

Page  149. 

In  spite  of  this,  diagram  in  they  use  extensively  on  those  power 
plants  of  the  small  and  average/mean  power  where  is  not  required  the 
limitation  of  short-circuit  current  in  the  circuits  of  generators 
also  on  collecting  mains. 

With  a  large  number  of  waste/exiting  lines  of  small  power  apply 


group  reactors  (diagram  c) ,  than  they  can  be  achieved/reached  the 
considerable  decrease  of  a  number  of  reactors  and  the  reduction  of 
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prices  of  the  distributor  of  station. 

In  diagram  b  is  provided  the  installation  of  sectional  reactor 
and  reactors  on  departing  lines  how  is  achieved  the  limitation  of 
short-circuit  currents  at  closings/shortings  both  at  station  itself 
and  in  its  electric  system.  Diagram  is  used  extensively  on 
power ful/t hick  heat  and  power  plants. 

on  substations,  as  noted  above,  the  very  effective  nethod  of 
limiting  the  short-circuit  current  at  secondary  voltage  is  the 
separate  work  of  transformers.  It  this  action  is  insufficient  or  is 
impossible,  then  are  established/installed  reactors  in  departing 
cable  lines  as  this  shown  in  the  diagram  f.  In  this  case  is 
economically  advisable  the  multiple  operation  of  the  transformers  (CB 
is  connected) .  However,  with  very  powerful/thick  transformers 
additionally  can  be  used  their  separate  work  (CB  is  disconnected), 
which  leads  to  reduction  in  current  of  short  circuit  on  the 
collecting  mains  of  secondary  voltage,  and  sometimes  also  to  the 
possibility  of  installation  on  the  waste/exiting  lines  of  reactors 
with  smaller  inductive  reactance  (with  the  same  short-circuit  current 
in  network/grid)  . 


Reactors  in  the  circuits  of  the  step-down  transformers 
substations  (diagram  g)  it  is  expedient  to  establish/install  when 
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with  the  separate  work  of  the  transformers  (CB  is  disconnected)  it  is 
possible  to  refuse  from  installation  a  large  number  of  reactors  on 
the  waste/exiting  lines.  These  reactors  similar  to  reactors  in  the 
circuits  of  generators  cannot  significantly  restrict  short-circuit 
current;  therefore  with  the  multiple  operation  of  transformers  effect 
from  their  use/application  is  small. 

The  possibility  of  installation  of  reactors  in  the  circuits  of 
transformers  must  be  checked  from  the  conditions  for  voltage  error  in 
users  in  different  operating  modes.  Host  simply  this  problem  is 
solved  during  setting  up  on  the  substation  of  transformers  with 
regulating  of  load  stress  (see  Chapter  23). 

Sectional  reactors  on  substations  they  do  not  apply,  since  they 
greatly  little  limit  short-circuit  current. 

On  waste/exiting  aerial  lines  by  voltage  higher  than  1000  in 
reactors  are  not  established/installed,  since  considerable  inductive 
resistance  of  these  lines  (-0.4  ona/cm)  sufficiently  limits  the 
current  of  short  circuit  on  the  reducing  substations. 

The  greatest  possible  value  of  inductive  reactance  of  the 
reactors,  adjusted  in  the  circuits  of  cable  lines  and  power 
transformers,  is  limited  by  the  loss  of  voltage  in  then  in  the  normal 
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■ode  of  work.  In  this  respect  aore  favorable  conditions  occur  during 
the  installation  up  of  the  so-called  double  reactors  which  in  recent 
years  begin  to  apply  on  electrical  stations  and  substations. 

The  doubled  reactor  is  structurally /constr ucturally  siailar/such 
to  usual  reactor  and  differs  froa  it  in  terns  of  the  presence  of 
conclusion/output  froa  the  Biddle  of  winding  (Pig.  8-8a) .  Both 
branches  (half,  section)  of  the  doubled  reactor  are  arranged/located 
with  one  above  another  in  the  identical  direction  of  the  turns  of 
windi ng. 


It  is  normal  both  branches  and  extreme  conclusions  (At  and  Az) 
are  performed  to  identical  rated  current.  Average  conclusion  (A) 
usually  is  utilized  for  the  connection  of  supply  of  power  (Pig.  8-8b 
and  c) ;  therefore  it  occurs  calculated  for  dual  current. 

Inductance  L  of  the  branches  of  reactor  are  identical;  therefore 
inductive  reactance  of  each  branch  of  reactor  with  absence  of  current 
in  another  branch  it  comprises  •*,  —<*>*•  (Pig.  8-8b)  . 

Let  us  determine  inductive  reactance  of  the  branch  of  the 
doubled  reactor  with  course  by  its  branches  of  the  identical  currents 
of  load.  This  case  is  given  in  Fig.  8-8c,  where  the  power  supply  is 
connected  to  the  average  output  A  of  reactor,  and  identical  loads  - 
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to  by  the  extreme  conclusion/output  At  and  Aa.  The  effective 
resistance  of  windings  reactors  we  do  not  consider. 

Both  branches  of  the  doubled  reactor  are  aagnetically  connected 
with  mutual  inductance  M.  A  voltage  drop  in  the  branch  of  reactor 
with  equal  currents  in  branches  comprises: 

bU  =o>l/  —  »Af/. 

From  theoretical  electrical  engineering  it  is  known  that  the 
degree  of  the  inductive  coupling  of  two  coils  characterizes  coupling 
coefficient  .where  Lt  and  i3  -  inductance  of  coils,  but  N  - 

their  mutual  inductance. 

Page  150. 

In  the  case  of  the  douoled  reactor  L,=L2;  therefore  for  it 
coupling  coef f icientkc^=~ .  Under  this  condition  a  voltage  drop  in 

the  branch  of  reactor  will  be: 

=  —  mLkJ  =  x  J  —  x,kj  = 

=  ( 1  kct)  X  fl  =■  Xfl , 

where  , 

—*«.)*•  (8-13) 

it  is  inductive  reactance  of  the  branch  of  the  doubled  reactor  under 
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conditions  indicated  above. 

The  value  of  coupling  coefficient  depends  on  the  design  of  the 
doubled  reactor.  Usually  *c»  — 0.4  —  0.5. 

Proa  lk. aula  (8-13)  it  is  evident  that  during  the  use  of  the 
doubled  reactor  on  diagraa  in  Fig.  8-8c  inductive  .eactance  of  its 
branch  decreases  to  value  which  when  kct  —  0,5  is  2  tines  less 
Respectively  decreases  the  loss  of  voltage  in  nor  sal  node. 

From  the  aforesaid  it  is  possible  to  draw  the  conclusion  that  if 
inductive  reactance  of  usual  reactor  is  equal  to  inductive 
reactance  •*.  of  the  branch  of  tne  doubled  reactor  and  rated  currents 
of  both  reactors  are  also  equal,  then  with  the  equal  currents  of  load 
in  both  branches  of  the  doubled  reactor  the  loss  of  voltage  in  each 
of  its  branches  will  be  less  than  the  loss  of  voltage  in  usual 
reactor  ,-J _  once  (when  ka  —  0,5  —  2  times). 

*c. 

During  the  use  of  the  doubled  reactor  on  diagraa  in  Pig.  8-8d 
(conclusion/output  A  -  idle)  the  currents  in  both  branches  of  reactor 
are  equal  and  directed  to  one  side;  therefore  a  total  voltage  drop  in 
reactor  will  comprise 
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=2*.0 

where 

•*«»:=2JC.U  +  *„)  (8-11) 


it  is  through  inductive  resistance  of  both  branches  of  the  doubled 
reactor  with  the  course  in  thee  of  current  in  one  direction  (during 
the  addition  of  magnetic  fields  of  both  branches  of  reactor). 

If  ^,  —  0.5,  then  jccm  =  3a',.  It  is  obvious  that  to  utilize  the 
doubled  reactor  with  the  return  flow  of  power  in  nornal  node  fron  one 
conclusion/output  A,  tc  next  A2  (or  vice  versa)  is  inexpedient  as  a 
result  of  the  large  loss  of  voltage  in  reactor. 

The  replacement  scheme  of  the  doubled  reactor,  which  considers 
mutual  induction  between  its  branches,  is  given  in  Fig.  8-8e.  Fron  it 
it  is  evident  that  if  the  power  supply  is  connected  to 
conclusion/output  A,  and  snort  circuit  occurred  fron  the  side  of 
conclusion/output  k%  (or  A2)  ,  then  short-circuit  current  is  United 
to  internal  resistance  x ,  of  the  branch  of  reactor. 


/ 
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Xtfhkcl)  xt(l*kcl) 
J- *) 


Fig.  8-8.  Schematics  of  the  doubled  reactors. 


Fig.  8-9.  short  circuit  ia  circuit  of  doubled  reactor  in  presence  of 
power  supplies  from  the  side  of  his  all  three  conclusion/output. 

Page  151. 


But  if  source  is  connected  fro*  the  side  of  conclusion/output  (or 
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A2) ,  then  during  closing/shorting  from  the  side  of  conclusion/out put 
A2  (or  respectively  kt)  short-circuit  current  is  lisited  to  through 
resistor/resistance  •*«.  of  reactor,  in  2(l-j-iCi)  tise  large  -V 


By  least  favorable  is  the  case  of  closing/shorting  on  the  side 
of  conclusion/output  A  with  the  connection  of  the  energy  sources  fro* 
the  side  of  both  the  extrane  conclusion/output  A,  and  A2,  since  in 
this  case  short-circuit  current  is  lisited  to  resistor/resistance, 
equal  to  0,5x11(  I which  when  £.^0.5  cosposes  in  all  °-25a-,. 


Fig,  8-9a  gives  the  version  of  the  connection  of  sources  froa 
the  side  of  all  three  outputs  or  reactor.  During  short  circuit  from 
the  side  of  one  of  the  extras®  conclusion/output,  for  exanple  at 
point  K,  resulting  res istor/res rstance  from  sources  1-1  and  1-3 
taking  into  account  their  resistors/resistances  of  xt  and  x3,  led  to 
the  same  base  line  conditions  tnat  also  the  resistor/resistance  of 
the  branches  of  reactor  •*,.  will  comprise  (Fig.  8-9b) 


x 


*1  +  *.  <  1  4-  *c.)  +  *,  — 


Let  us  point  out  that  if  value  A‘»  — turns  out  to  be  with 
negative  sign,  which  occurs  when  > *,,  then  it  is  possible  to 

accept 
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Y  _  X  k  0 

"I  *I*C» 

and  to  count  . 


Let  us  determine  the  loss  of  voltage  in  the  branches  of  reactor 
with  their  different  load  (Fig.  8- 10a) .  For  the  left  branch 

A£y4»»  *=  *Ji  stn  Vi  —  sin 


Substituting  from  (8-9) 


HOM 

^“Too^Vho,, 


and  assuming/setting  up.HOM  after  transformation  we  obtain  the 

loss  of  voltage  in  the  left  branch  of  reactor  in  percentages  of  u *<* ■*>*'• 


/,  tin  sin  T, 

tkU ,%  -  *.•/• - 1 - ■  P'M 


1  p.  HOM 


It  is  analogous  for  the  riynt  branch: 

l,tlnf,  —  kcJ,  sinTl 


At/,*/.  =-*,*/• 


p.  HOM 


.  (8-15^) 


Let  us  determine  voltage  on  the  extreme  output  At  of  reactor 
during  short  circuit  from  the  side  of  another  extreme 
conclusion/output  a2  (Fig.  8-IOn).  For  simplification  let  us  assume 
that  during  short  circuit  on  concl usion/out put  A2  another  branch  of 
reactor  runs  idle  (I  ,=  0).  During  three-phase  short  circuit  at  point  K 
the  voltage  on  conclusion/output  k2  is  equal  to  zero.  Interphase 
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voltage  from  the  side  of  supply  of  power 

i/« -(/*-/  Jxjv 

The  short-circuit  current,  flowing  on  one  branch  of  reactor, 

induces  in  its  another  branch  of  eaf,  equal  to  and  that  having 

% 

the  same  direction,  as  voltage  Vr  Therefore  interphase  voltage  on 
conclusion/output  A j  will  coipnse 

ua\  -  +  *.*„/„)  -1/3 '.(*+*„)  /«• 

After  replacing  tarough  V/»  and  after  accepting  t/r —  ur_r mu 
we  obtain: 

u.'A -  x,V*0  +  **,)  r^— .  (8  16) 

*  1 

Since  short-circuit  current  can  exceed  the  rated  current  of 
reactor  9-10  times,  then,  as  this  follows  from  formula  (8-16),  with 
the  course  of  short-circuit  current  in  one  branch  of  reactor  load 
voltage  of  the  second  branch  can  considerably  exceed  the  nominal 
voltage  of  reactor  and  reach  value  (1.2-1.35)  1 8—21.  for 

example,  when  *.  —  8%;  *„  —  0.5;  /„ -  ?50  a  and/, *~8  *oand  load  voltage  of 
intact/unin jured/undamaged  branch  will  comprise 

vKl  -  8(1  +  0,5)^  -  128*. 

If  we  consider  the  load  of  tne  intact /unin jured/undamaged  branch 


of  reactor,  then  an  increase  in  the  voltage  on  it  will  be  somewhat 
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less  due  to  the  additional  loss  of  voltage  in  this  branch  fro*  the 
current  of  load. 

The  increase  in  the  voltage  indicated  on  the 
intact/unin jured/undanaged  branch  of  reactor  during  short  circuit  on 
its  another  branch  is  an  essential  def iciency/lack  in  the  doubled 
reactors. 
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Fiq.  8-10.  Schematics  of  the  doubled  reactors  to  the  deter aination  of 
voltage  on  conclusion/cutput.  a)  in  the  normal  node  of  the  work;  b) 
daring  short  circuit  on  one  conclusion/outpat . 

Page  152. 

However,  as  a  result  of  tae  short  duration  of  these  increases  in  the 
voltage  (only  to  the  period  of  short  circuit  -  usually  not  more  than 
0. 3-1.5  s)  they  are  not  dangerous  ror  the  insulation  of  the 
electrical  apparatuses  of  conductors  and  electric  motors,  connected 
to  the  line  on  which  occurred  an  increase  in  the  voltage.  Virtually 
these  short-term  increases  in  the  voltage  do  not  nanifest  themselves 
the  work  of  electric  motors,  and  thereby  they  do  not  affect  also  the 
work  of  the  mechanisms,  connected  with  these  engines.  As  a  result  of 
the  short  general/comaon/total  duration  of  such  increases  in  the 
voltage  during  year  they  do  not  nanifest  themselves  also  the  service 
life  of  incandescent  lamps. 
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The  sites  of  installation  of  the  doubled  reactors  in  the 
diagrams  of  electrical  stations  and  substations  are  shown  in  Pig. 
8-11.  The  doubled  reactors  can  be  applied  on  the  waste/exiting  cable 
lines  (diagram  a) ;  in  this  case  each  reactor  is  utilized  for  the  feed 
of  two  lines,  which  2  times  decreases  a  number  of  reactors  in 
comparison  with  usual  reactors.  Descend  also  the  losses  of  voltage  in 
reactors  in  the  normal  mode  of  work.  An  even  larger  savings  is 
reached  at  the  use /a pplication  of  the  group  doubled  reactors  on 
diagram  b. 

On  diagrams  c  and  d  is  shown  the  use  of  the  doubled  reactors  as 
sectional  ones.  In  diagram  c  they  are  connected  in  the  circuit  of 
generators,  while  in  diagram  c  -  into  the  circuit  of  the  step-up 
transformer.  In  powerful/thick  stations  additionally  are  installed 
the  reactors  on  the  waste/exiting  cable  lines. 

In  the  diagram  e  the  doubled  reactor  is  used  in  the  circuit  of 
the  step-down  transformer  substation.  On  powerful/thick  substations 
additionally  can  be  established/installed  the  reactors  on  the 
waste/exiting  cable  lines. 

Let  us  not°  that  the  effectiveness  of  the  use/application  of  the 
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doubled  reactors  in  the  circuits  of  the  powerful/thick  step-up  and 
step-down  transforaers  always  should  be  coapared  with  the 
effectiveness  of  the  use/application  of  transforaers  with  split 
windings,  if,  of  course,  such  transforaers  can  be  prepared. 

8-5.  Selection  of  reactors. 

Reactors  are  selected  on  noainal  voltage,  rated  current  and 
inductive  reactance  in  percentages.  > 

The  nominal  voltage  of  reactor  select  in  accordance  with  noainal 
voltage  of  installation,  in  this  case  one  should  consider  that  the 
reactors  reliably  work  with  the  voltages,  which  exceed  their  nominal 
voltage  on  lOo/o.  So,  reactors  to  nominal  voltage  6  kV  can  be  applied 
in  installations  with  vcltage  to  6.6  kV,  and  reactors  to  noainal 
voltage  10  kV  -  in  installations  by  voltage  to  11  kV. 

The  rated  current  of  reactor  (branch  of  the  doubled  reactor) 
must  not  be  less  than  the  aaxiaua  prolonged  current  of  the  load  of 
circuit,  into  which  it  is  connected: 

^  [».***»' 


Inductive  reactance  of  reactor  deteraine  on  the  basis  of 
condition  the  limitations  of  the  current  (or  power'  of  short  circuit 
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to  the  assigned  value.  In  this  case  for  reactors  on  the  waste/exiting 
cable  lines  of  electrical  stations  and  substations  the  deteraining 
conditions  they  are:  1)  the  tneraal  resistance  of  power  cables,  run 
in  this  electric  system,  2}  the  types  of  the  switches  which  it  is 
assumed  to  establish  on  the  waste/exiting  lines  in  this  installation 
and  on  the  reducing  substations  of  its  electric  systea  (switches  on 
the  reacted  lines  of  this  setting  select  on  short-circuit  current 
after  the  reactors  of  line,  for  greater  detail,  see  Chapter  21)  . 

Por  determining  inductive  reactance  of  reactors  froa  the  first 
condition  must  be  known  the  sections  of  the  cables  of  the  electric 
systems,  selected  according  to  the  conditions  of  the  noraal  aode  of 
the  work  (see  Chapter  11).  If  some  of  these  cables  are  not 
theraostable  during  short  circuits,  then  they  deteraine,  at  what 
value  overheating  cables  will  not  exceed  that  permitted,  this 

current  place  as  basis  determinations  ■*„'/»• 
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Pig.  8-11.  Sites  of  installation  of  the  doubled  reactors  in  the 
diagrams  of  electrical  stations  and  substations. 

Key:  (1).  To  system.  (2).  From  system. 

Pa  ge  153. 

As  a  result  of  the  considerable  resistor/resistance  of  the 
reactors  of  the  waste/exiting  lines  periodic  component/term  of  the 
current  of  short  during  closing/shorting  after  them  changes  within 
the  small  limits  (see  curved  4  and  5  in  Fig.  6-21).  This  fact  makes 
it  possible  approximately  to  accept  during  closing/shorting  after 
these  reactors  —  /aiM„  .  which  simplifies  calculations  regarding  the 
resistor/resistance  of  reactors. 
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Por  determining  the  resistor/resistance  of  reactor  froa  the 
second  condition  it  is  necessary  to  know,  what  power  or  what  current 
can  disconnect  the  switches,  which  are  intended  to  establish  on  the 
waste/exiting  lines  of  this  setting  and  on  the  substations  of  its 
electric  system1. 

POOTNOTE  l.  On  the  reducing  substations  in  networks/grids  6-10  kV 
install  the  high-voltage  switches  of  small  overall  sizes  with  power 
the  cutoffs/disconnections  to  200-350  MV  A  (type  VUG,  VHB,  VG-10  and 
similar  to  them  -  see  (chapter  17),  while  on  small  substations  -  also 
safety  fuses  with  the  quartz  filling  of  the  type  PK  (see  Chapter  14), 
capable  of  disconnecting  the  power  of  short  circuit  to  200  N VA. 

In  the  reacted  lines  of  stations  and  substations  usually  install 
oil  breakers  with  small  space  or  oil  (types  VUG  or  NGG-10)  or  air 
circuit  breakers  with  power  the  cutoffs/disconnections  to  200-500 
NVA.  ENDFOOTNOTE. 

In  catalogs  or  reference  tables  to  the  switches  (see 'fable  P-14)  are 
indicated  current  cutoff  a/disconnections  l„,K  or  the  power  of 
cutoffs/disconnections  SOTii  (see  Chapter  17),  which  the  switch  can 
disconnect  with  this  voltage  of  installation. 

According  to  the  operating  in  the  0SSR  rules  of  the 
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device/equipment  of  electrical  devices  [3-6]  the  disconnecting 
ability  of  switches  Bust  satisfy  condition  /OT *>/"  |or  where 

Iw  and  S"  are  determined  during  three-phase  short  circuit  in  this 
installation  (for  greater  detail,  see  Chapter  21).  Consequently,  if 
they  are  known  the  type  of  switch  and  its  disconnecting  ability,  then 
as  basis  the  determinations  of  the  resistor/resistance  of  reactor  on 
line  can  be  placed  ultratranaitory  current  l"vac%  =  lon  or 
ultratransitory  power  S"  —S 

1  r  paci  OTK 

Let  us  examine  the  order  of  the  selection  of  reactor  for  the 
waste/exiting  cable  line  of  station  based  on  the  exanple  of  the 
diagram,  given  in  Pig.  8-12.  Let  us  agree  that  during  three-phase 
short  circuit  at  point  K  must  be  observed  condition  /”</"  either 

a  pact  t 

where  ^,ctI  or  are  determined  on  the  basis  of  that 

presented  above. 

Further  accept  S0  and  U6—UC(I,  lead  all  known 
resistors/resistances  to  base  line  power  and  connect  substitutions 
(Pig.  8-12b).  In  the  latter  are  known  all  relative 
resistors/resistances,  except  tne  base  line  resistor/resistance  of 
reactor  x.^6.  Then  convert  diagram  and  reduce  it  to  form  diagrams  in 
Fig.  8-12c,  where  through  x% ,  the  markedly  total  base  line 
resistor/resistance  of  all  network  elements  to  reactor. 
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Further  is  determined  the  value  of  the  resulting 
reaistor/resistance  of  short  circuit,  on  the  basis  of  assigned 
aagnitude  l\  or  STK : 

.  _ [t_  _ £«_ 

/"  or  s"K' 


Relative  base  line  resistor/resistance  of  the  reactor 


X  .  — —  JC  wl  X>  •• 

♦P  6  «P*»  •* 


Pesistor/resistance  of  reactor  in  its  rating  factors 


1  p.HOM 


'■.p6  U 


100. 


(8-17) 


Further  using  catalogs  to  reactors  or  reference  tables  (see 
^able  P-7) ,  is  selected  the  type  of  reactor  with  nearest  high 
inductive  reactance. 


After  this  are  determined  all  necessary  values  of  current 
(power)  during  short  circuit  after  the  selected  reactor.  For  this  is 
determined  the  calculated  resis tor /resistance  of  the  circuit: 

_ _ ^HOMl  , 

•P“»  =SA.:  SI  T  too  lp  amt  ■ 

If  -e,JUC,<3,  then  short-circuit  current  is  defined  by  calculated 
curves;  when  calculation  conduct  as  for  the  distant  point  of 

short  circuit. 
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Fig.  8-12.  Network  (a)  and  replacement  scheme  (b  and  c)  to  the 
selection  of  reactor  on  line. 

Page  153. 


It  is  possible  to  select  reactor  on  line  and  without  taking  into 
account  all  which  precede  it  resistors/resistances,  i.e.,  under  the 
assumption  of  the  unlimited  power  of  the  feeding  system  and  -v#s  =  U.  in 
this  case  from  formula  (b-47)  : 

JC  •/•—  1 00 100.  (8-18) 

“  ‘k 

With  selected  thus  reactor  the  current  and  the  power  of  short 
circuit  on  lin«  at  point  K  never  can  be  more  than  given  ones  at  any 
power  of  station  and  system.  Selection  according  to  this  method 
always  gives  the  resistor/resistance  of  reactor  with  certain 
exaggeration. 
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The  selection  of  reactors  on  powerf ul/thick  substations  does  not 
differ  from  that  presented  above  for  a  power  plant.  In  this  case  by 
x.i  (diagram  in  Fig.  8-1.dc)  should  be  understood  the  total  resistance 
of  system  and  transformers  of  substation  (to  ihe  wiring  point  of 
reactor) .  At  larqe  power  the  systems  reactors  on  the  waste /exiting 
lines  of  substations  frequently  select  without  taking  into  account 
the  resistor/resistance  of  system  (Sc=* taking  into  account  only  the 
resistor/resistance  of  transformers. 

Analogously  are  selected  group  teactors,  and  also  doubled 
reactors  on  the  waste/exiting  lines.  In  the  latter  case  is  determined 
inductive  reactance  of  the  oranch  (arm)  of  doubled  reactor  . 

Sectional  reactors  cn  power  plants  usually  are  selected  on  the 
basis  of  what  switches  intend  to  establish  in  the  main  chains  of 
station  (switches  in  the  circuits  of  generators,  step-up 
transformers,  transformers  of  its  own  needs,  switches  bus-connecting 
and  sectional).  As  noted  above,  on  comparatively  small  power  plants 
sometimes  it  is  possible  to  be  restricted  to  the  installation  only  of 
some  sectional  reactors,  without  establishing  reactors  in  the 
waste/exit inq  lines.  In  these  cases  sectional  reactors  must  restrict 
short-circuit  current  to  such  value,  with  which  are  provided  the 
thermal  resistance  of  power  cables  of  electric  system  and  the 
possibility  of  use/app licat ion  on  the  supply-line  substations  of  the 
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assigned  types  of  switches  and  safety  fuses. 

It  is  very  important  to  correctly  select  the  rated  current  of 
sectional  reactor.  Por  this  it  is  necessary  to  determine  the  maximum 
possible  constant  load  of  sectional  reactor  during  different 
modes/conditions  of  the  aggregates/units  of  station  (with 
cutof f/disconnection  of  one  of  the  generators,  one  of  the  step-up 
transformers,  etc.). 

The  selected  reactor  should  be  checked  to  electrodynamic  and 
thermal  resistance  with  the  course  through  it  of  short-circuit 
current. 

The  electrodynamic  stability  of  reactor  is  guaranteed  with  the 
observance  of  the  following  condition: 

where  <y  -  an  impact  current  during  three-phase  short 
closing/shorting  after  the  reactor; 

-  current  of  electrodynamic  stability  of  reactor,  i.e.,  maximum 
current  (amplitude  value)  with  course  of  which  through  the  reactor  it 
is  not  observed  any  residual  deformation  of  its  windings. 
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The  concrete  reactors  (see  8-6)  with  inductive  reactance  are 
aore  than  3o/o  against  electrodynamic  stability  it  is  possible  not  to 
check,  since  plant  designs  then  for  greatest  possible  amplitude 
current  equal  to  iapact  current  1.8  |/?  •  with 

three-phase  short  circuit  after  reactor  and  its  feed  froa  the  source 
of  the  unliaited  power. 

The  thermal  resistance  of  reactor  is  characterized  by  plant  by 
value  l,VT  (kAms1^* ];  therefore  the  condition  for  the  thernal 
resistance  of  reactor  takes  the  fora: 

(8*j, 

where  -  the  steady  current  during  short  circuit  after  the  reactor; 

l, j-  fictitious  time  of  action  of  short-circuit  current  (see 
Chapter  7)  . 

With  the  observance  of  condition  (8-20)  heating  the  winding  of 
reactor  during  short  circuit  will  not  exceed  the  permissible  value. 

Example  8-4.  To  select  reactor  on  the  waste/exiting  cable  line 
of  power  plant  (Fig.  8-13a)#  that  ensures:  1)  the  thermal  resistance 
of  the  cables  of  the  waste/exiting  lines  of  distribution  point  HP 
(Kb-1)  and  station  (Kb-2),  2)  the  possibility  of  setting  up  on 
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distribution  points  of  the  network/grid  of  oil  breakers  of  the  type 
VHB-10  (switches  V-1)#  tut  on  the  waste/exiting  lines  of  station  - 
oil  breakers  of  the  type  VNG-133  (switches  V- 2). 

Fundamental  data  are  given  in  the  diagram. 

To  additionally  accept  the  following  conditions.  Cables  Kb-1  and 
Kb-2  to  voltage  10  kv  have  copper  veins/strands  with  paper 
insulation.  Temperature  of  cores  to  short  circuit  normal:  bi,-6<rc. 

Page  155. 


The  time  of  action  of  relaying  in  the  circuit  of  switch  F-1 
composes  fMlul— M  s,  protection  in  the  circuit  of  switch  Ai- 
s.  Tripping  time  of  switches  f,- 0.2  s. 

To  additionally  tc  determine  the  cost/value  of  the  annual  losses 
of  electric  power  in  the  reactors  of  the  waste/exiting  lines  of 
station  with  the  prime  ccst  of  electric  power  10  kopecks/KH*h.  In  all 
from  the  busbars  of  station  they  will  move  away  14  reacted  lines  with 
identical  peak  load  /«„,«  -280  and  with  annual  tctal  hours  of 
utilization  of  maximum  -sow  h. 


Through  Ifable  P-14  we  find  the  currents  of  cutoff/disconnect  ion 
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with  the  voltage  10  kv  of  switches  B-1  of  the  type  VHB-10:  — SM  kk 

and  switches  B-2  of  the  type  ?MG-133:  /otk-20  kk. 

Further  let  us  determine,  with  what  value  of  short-circuit 
currents  is  provided  the  theraai  resistance  of  the  assigned  cables. 
For  the  purpose  of  siaplif ication  in  the  problea  it  is  possible  to 
consider  that  during  closings/shortings  after  the  reactor  of  line 
periodic  coaponent/term  of  short-circuit  current  in  tine  does  not 
change,  i.e.,  t"  —  /„,  —  This  aakes  it  possible  to  accept  »*■=** -■**»•• +  V 

The  approximately  permissible  for  a  cable  short-circuit  current 
can  be  determined  by  formula  (7-15),  after  accepting  for  cables  10  kT 
with  copper  veins/strands  and  paper  insulation  C*165: 


For  cable  Kb-1. 


the  full/total/complete  tripping  tine  of  the  short  circuit 
t* 1. 4*0. 2*1. 6  s  (aperiodic  coaponent/ter a  of  short-circuit  current  we 
do  not  consider,  since  t>1  s)  and  the  permissible  short-circuit 
current 


35-165 

I  —  — as  4  600  a. 
*  KI.6 


Since  this  current  is  less  /OT<  =  5.R  kk  for  switches  B-1,  then 
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reactors  on  the  waste/exiting  lines  of  station  eust  be  selected  froe 
the  condition  of  guaranteeing  the  thermal  resistance  of  cables  Kb-1, 
i.  e.,  from  condition  /*.,*«  t6  ki. 

Let  us  deteraine  the  perai.ssi.nle  short-circuit  current  for  cable 
Kb-2.  In  this  case  of  t*2. 1*  0.  2*2.  3  s  and  t  «. ic 300  A. 

r  i,3 

This  current  is  less  <OT of  switches  B-2;  therefore  reactor 
aust  ensure  /A  i  «£,6>3 'kh. 


Being  guided  by  data  of  Table  P7-1,  by  the  voltage  of  setting  up 
and  by  the  maximum  current  of  the  load  of  line,  we  select  following 
rating  factors  of  reactor: 


Inductive  reactance  of  reactor  we  deteraine  on  the  basis  of  the 
maximum  permissible  short-circuit  current  during  closing/shorting  at 
point  K-1. 


He  connect  of  the  substitution  of  installation  (Fig.  8-13b)  we 
accept  s#*»ioo  nVA  and  we  lead  to  it  all  known  resistors/resistances 
of  circuits  (except  unknown  thus  far  which  we  indicate  in  the 

diagraa  of  substitution. 
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He  determine  the  total  resistance  of  circuit  to  point  K-1 
without  the  reactor: 

(0,12  +  0,26)0,2 

*.z  “  0,12+  0,26  +  0,2  +  0,2:2  “0,13  +  0,22  »  0,35. 

The  resistor/resistance  of  entire  short  circuit  must  be  not 

less: 


where 


*.i»* 


1.2, 


100 

y  S’- io.5 


»  5,5  tea. 


The  relative  base  line  resistor/resistance  of  the  reactor 


X.P  a  “  *.pt,  -  *.t  -  U  —  0.35  -0.85. 

the  resistor/resistance  of  reactor,  in  reference  to  its  rating 
factors,  we  determine  from  formula  (8-17): 

.*•/•  -  0.85  0 100  “  4,78,/*' 

i 

On  table  P7-1,  we  select  a  concrete  reactor  of  the  type 
PB-10-300-5,  which  has  — 10  kV;  ^^“OOo  and  also  *p%  —  5%.  The 

stability  of  this  reactor  is  characterized  by  values  *'„„«*= l5-3  kA  and 
AKTVjskA  •s^>.  Power  loss  in  the  coil  of  one  phase  AP=3.«2  kH. 
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Let  us  determine  current  during  closing/shorting  at  point  K-2 


and 


5.5 


*.!*•».  *•*  “  0.13+  0,00  ^  I 


/*  *»  -j-  5.5  tea. 


that  less  permissible  value  indicated  above 


for  cable  Kb-2. 
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Pig.  8-13.  Diagrams  for  example  of  8-4. 

Key:  (1).  Systems.  (2).  HVA.  (3).  Am.  (4).  Q/ka .  (5).  kV.  (6).  on. 

Page  156. 

Since  looo-j-  2.37,5=  1075  BVA,  then 

£ . *  _  ,  1075  ' 

'.PKI  S-!  -  '.prl*.!  —  1  100"  0,'5‘ 

therefore  any  point  of  short  circuit  after  the  selected  reactor  is 
distant  and  the  previously  condition  of  invariability  accepted  in  the 
time  of  periodic  of  component/tera  of  current  was  correct. 


Check  reactor  to  stability  during  short  circuit  after  it  at 
point  K-2 .  Since  selected  concrete  reactor  froe  - s%.  that,  as  noted 
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above,  by  electrodynaaic  stability  it  it  is  possible  not  to  check 
(actually/really,  <y  —  2.55-5,5  „ u  **  <'„»«)• 

Against  thermal  resistance  the  reactor  is  checked  according  to 
condition  (8-20)  .  In  our  case  /„■='/" -=5. 5  **  ana  ^«=/^2.3  s.  since 

lea  =  5,5  |/2T3s=8,4  Ka  ^eeK,t  </,  ^/?^I5  Ka^ctK'\ 

Key:  (1)  .  kA«s. 

then  reactor  is  thermostable. 

The  loss  of  voltage  in  reactor  in  normal  mode  according  to 
formula  (8-10)  ; 

280 

tU*/»  =  x  %  ;  •  sin  f  =  5  ins 0,6  =  2,8*/«, 

1  p.HOU 

which  is  completely  admissible. 

Thus,  a  reactor  of  the  type  BB-10-300-5  can  be  accepted  for 
insta  llation. 

Let  us  determine  the  cost/value  of  the  annual  losses  of  electric 
power  in  the  reactors  of  14  waste/exiting  lines  of  station.  Kith 

A 

assigned  r„11<c  =  5  000  h  and  cosT  — 0,8  according  to  diagraa  in  appendix  P-8 
we  find  r =1600  h.  Losses  in  coil  of  reactor  are  known:  AP=3. 42  kl ; 
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therefore  according  to  roraula  (8-11)  we  determine  the  annual  losses 
of  electric  power  in  the  reactors  of  all  lines: 

,  ,  /280\»  (/, 

*‘^3O0j  3,42-3  600  ■■  450  000 

Key:  (1)  kW*h. 

Cost/value  of  annual  losses  of  electric  power  in  the  reactors 

„  (•> 

0,10-450  000  «■  45000  pyfl/fOA. 


by  Key:  (1).  rubles/year. 

8-6.  Constructions/designs  of  reactors. 

Dry  reactors.  In  the  closed  distributors  by  voltage  to  35  kV 
inclusively  an  applied  dry  air-cooled  reactors.  In  the  Soviet  Onion 
use  extensively  the  concrete  reactors,  which  are  character ized  by 
large  simplicity  of  construction/design,  sufficiently  high 
reliability  the  works  and  coaparat ively  snail  cost/value  (Fig.  8-14). 

The  winding  of  1  concrete  reactor  is  perforaed  of  the  flexible 
stranded  copper  or  aluninua  wire,  isolated/insulated  by  several 
layers  of  the  cable  paper  and  covered  with  cotton  braid/cover.  On 
special  f raaework/body  is  placed  the  winding  of  reactor  in  several 
horizontal  and  vertical  series/rows,  after  which  ast  concrete 
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columns  2,  which  use  for  the  attachment  of  the  turns  of  reactor. 
After  the  solidification  of  concrete  the  coil  of  reactor  thoroughly 
is  dried  in  vacuum,  they  saturate  with  sludges  (or  drying  oil)  and 
then  they  cover/coat  with  varnish  how  is  prevented/warned  aoistening 
concrete  which  is  very  hygroscopic. 

with  course  through  the  reactor  of  short-circuit  current  when 
concrete  strongly  is  heated,  the  moisture,  which  penetrated  in 
concrete,  evaporates  and  here  it  is  condensed,  as  a  result  of  which 
the  surface  of  concrete  is  covered/coated  with  moisture.  If  the 
surface  of  concrete,  furthermore,  it  is  covered  any  carrying  out  in 
presence  moisture  with  dust,  then  are  possible  breakdowns  between 
turns  and  formation  of  arc,  which  can  lead  not  only  to  the 
decomposition  of  the  ceil  of  reactor,  but  also  to  interphase  short 
circuit.  This  all  the  more  possible  since  with  course  through  the 
reactor  of  short-circuit  current  the  large  part  of  the  line  voltage 
lies  down  on  reactor.  Therefore  in  operation  it  is  necessary  to 
follow  the  state  of  the  varnisn  deposit  of  reactor  and  its 
cleanliness. 

The  locations  in  wnich  are  installed  the  reactors,  must  be 
ventilated  well,  and  the  maximum  temperature  in  them  must  not  exceed 
♦35°C.  The  oscillations/vibrations  of  the  temperature  in  location 
must  not  be  such  sharp  that  would  oe  observed  coating  reactors  with 
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hoarfrost,  dew,  etc. 

The  coils  of  concrete  reactors  insulate  from  the  earth/ ground 
with  the  aid  of  several  stand-off  insulators  3.  The  three-phase 
assembly  of  reactor  consists  of  three  coils,  adjusted  in  horizontal 
plane  by  series/row  or  in  vertical  plane  one  on  another.  In  the 
latter  case  of  the  coil  of  reactor  they  insulate  froa  each  other  also 
with  the  aid  of  stand-off  insulators  4. 

During  vertical  instaliaton  the  directon  of  the  windings  of  the 
coils  average/mean  phase  C  (Fig.  8-14)  take  by  reverse  in  coaparison 
with  direction  of  the  coils  of  upper  and  lower  phases.  Is  done  this, 
so  that  with  the  course  on  two  adjacent  coils  of  two-phase  iapact 
short-circuit  current  coils  would  be  attracted/tightened,  but  not 
repulsed  as  this  would  be  in  identical  direction  of  all  coils  (lore 
easily  fulfill  the  reliable  attachment  of  coils).  Therefore  during 
mounting  or  after  repair  rt  is  not  possible  the  coil  of  the 
average/mean  phase  C  to  station  of  phases  H  and  B.  It  is  not  possible 
to  change  also  the  direction  of  power  supply  to  the  coil  of  any 
phase. 
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Rain  disadvantages  in  the  concrete  reactors  -  large  weight  and 
sufficiently  considerable  overall  sizes.  For  example,  the  three-phase 
assembly  of  reactor  to  voltage  10  KV,  rated  current  400  A  also 
resistor/resistance  to  5o/o  weighs  3x723=2,169  kg. 

Analogous  construction/design  have  dual  concrete  reactors. 

In  the  closed  locations  and  with  a  good  drift/care  concrete 
reactors  work  completely  reliably. 

Technical  specifications  of  concrete  reactors  with  the  copper 
winding  of  the  type  RB  and  an  aluminum  winding  of  the  type  RB A  to  the 
nominal  voltages  6  and  10  kV  of  the  production  of  Soviet  plants  are 
given  in  table  P-7. 

Second  type  of  dry  air-cooled  reactors  -  reactors  of  composite 
construction/design  witn  porcelain,  asbestos-concrete  or  wood  packing 
between  the  series/rows  of  turns.  The  coil  of  the  reactor  of 
composite  construction /design  has  upper  and  lower  cover  plates  from 
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insolation  and  braces  itself  by  through  bolts.  These  reactors  are 
characterized  by  the  complexity  of  construction/design,  relatively 
larger  cost/value,  also,  in  a  number  of  cases  by  the  saaller 
reliability  of  operation  in  comparison  with  concrete  reactors  (cast 
construction/design) .  The  latter  is  explained  by  the  fact  that  with 
coarse  through  the  reactor  of  the  impact  current  between  its  turns 
appear  the  forces  of  interaction,  which  usually  lead  to  loosening  of 
coil,  in  consequence  of  wnich  are  possible  the  precipitation  of 
separators,  insulation  failure  anu  closing/shorting  between  turns, 
which  lead  to  the  complete  destruction  of  the  coil. 

The  group  of  the  dry  reactors  of  composite  construction/design 
includes  the  wooden  reactors  (type  RD) ,  intended  for  the  closed 
installations  by  voltage  to  10  xV  with  currents  not  more  than  100  A. 
Advantages  of  these  reactors  -  light  weight,  small  sizes/dimensions 
and  cost/value.  In  comparison  with  concrete  ones  wooden  reactors  are 
less  reliable  and  therefore  taey  are  encountered  on  the  noncritical 
installations  of  small  power. 

With  installation  of  dry  reactors  in  distributors  it  is 
necessary  to  observe  the  indicated  by  plant  assembling  distances  of 
steel  constructions/designs  and  reinforced  concrete  parts  of  the 
building  (see  Vol.  2,  chapter  8) .  mith  the  nonfulfillment  of  these 
requirements  is  feasible  the  dangerous  heating  of  steel  constructions 
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and  steel  ariature  of  reinforced  concrete  by  the  currents,  induced  in 
then  by  the  nagnetic  flux  of  the  reactor;  furthermore,  the  nearness 
of  steel  constructions/designs  causes  the  additional  losses  of 
electric  power. 


oil  reactors  apply  in  the  open  installations  of  all  voltages, 
and  also  in  installations  by  voltage  above  35  kv,  when  dry  reactors 
are  not  applied. 

Oil  reactors  can  have  single-phase  and  three-phase  performances. 
In  the  first  case  one  coil,  and  the  second  -  three  coils  are  placed 
in  the  steel  tank,  flooded  by  transformer  oil.  windings  are  performed 
from  the  copper  conductors,  isolated/insulated  by  the  cable  paper  and 
packed  to  framework/body  from  insulation.  The  ends/leads  of  the  coils 
are  derived/concluded  outside  tarough  passage  porcelain  insulators  on 
the  cover/cap  of  reactor. 


The  construction/design  of  the  tanks  of  oil  reactors  in  essence 
the  same  as  the  power  transformers  (see  Chapter  23)  ;  therefore  in 
appearance  they  very  resemble  power  transformers. 

If  we  do  not  take  special  measures,  then  the  magnetic  flux  of 


oil  reactor  will  be  closed  through  the  walls  of  the  tank  which  in 
this  case  strongly  is  heated.  For  eliminating  this  are  applied 
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elect roaagnetic  screens  or  magnetic  shunts. 

In  the  first  case  on  the  internal  surface  of  steel  tank  they 
fasten  the  circular  copper  screen,  which  appears  as  secondary  winding 
of  reactor  (Pig.  8-15). 
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Fig.  8-14.  Concrete  reactor  BB-fa-200-6  on  6  kV,  200  A  also  noninal 
relative  resistor/re sistanca  to  6o/o. 


Fig.  8-15.  Schematic  of  reactor  with  oil  cooling  and 

by  circular  copper  screen. 

Key:  (1).  Insulators.  (2).  Binding.  (3).  Screen.  (4).  Tank. 

Page  158. 

In  this  screen  are  induced  the  currents,  which  create  the  Magnetic 
flux  which  in  the  walls  of  tank  is  directed  against  the  Magnetic  flux 
of  coil  of  reactor.  As  a  result  through  the  walls  of  tank  is  closed 
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comparatively  saall  resulting  magnetic  flux  <I>CT,  in  view  of  which  tank 
is  heated  insignificantly. 

In  the  second  case  on  the  internal  surface  of  steel  tank  fasten 
the  steel  packets:  is  created  seemingly  artificial  aagnetic  circuit 
with  the  reluctance,  considerably  smaller  than  the 

resistor/resistance  of  the  walls  of  tank.  Therefore  the  magnetic  flux 
of  reactor  in  essence  is  closed  not  through  the  walls  of  tank,  but  on 
aagnetic  shunt.  For  decreasing  the  hysteresis  losses  the  shunt  is 
perforaed  made  of  transformer  steel  of  high  quality,  while  for 
decreasing  the  eddy  current  losses  its  they  collect/conpose  from  the 
thin  ones,  isolated/insulated  from  each  other  of  steel  sheets. 

Oil  reactors  considerably  more  expensive  than  dry  reactors,  but 
in  comparison  with  the  latter  they  possess  the  series/row  of 
essential  advantages.  They  are  reliably  shielded  from 
incidence/impingement  into  tne  winding  of  dust,  moisture  and  any  kind 
of  extraneous  o  bject,  and,  furthermore,  it  is  possible  to 
establish/install  them  in  any  distance  from  steel  and  reinforced 
concrete  constructions  and  in  the  open  installations. 

Soviet  plants  manufacture  oil  reactors  with  electromagnetic 
screens  for  the  external  installations:  three-phase  to  voltage  35  kV 

(type  RTHT-35)  and  single-pnase  to  voltages  110  and  154  kV  (types 

RSMO-110  and  RSMO-15^). 
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IH SOL ATOMS. 

9-1.  General  inforaation. 

Insulators  serve  for  the  attachment  of  current-carrying  parts 
and  their  isolation  from  the  earth/ground  and  other  parts  of  the 
installation,  which  are  located  under  another  potential.  Therefore 
insulators  nust  possess  sufricient  electrical  and  aechanical 
strength,  they  must  be  heat-resistant  and  not  fear  dampness. 

Distinguish  insulators  station-type ,  instrument  rooms  and 
linear. 

Station-type  insulators  are  applied  for  attachaent  and 
insulation  of  busbars  in  the  distributor  devices/eguipnent  of 
electrical  stations  and  substations.  They  are  subdivided  into 
supporting/reference  ones  and  passage  ones. 

Wall  entrance  insulators  are  installed  with  the  passage  of  the 
busbars  through  walls  and  overlaps  indoors,  and  also  during  their 
conclusion/output  froa  buildings. 
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The  apparatus  insulators,  which  use  for  the  attachaent  of  the 
current-carrying  parts  of  the  apparatuses,  can  have  also  a  fora  of 
supporting/ref erence  ones  or  passage.  The  latter  apply  for  the 
conclusion/output  of  current-carrying  parts  froa  the  apparatuses, 
equipped  with  enclosed  casings,  from  oil  breakers,  power 
transforaers,  etc.  In  some  apparatuses  the  insulators  have  a  fora  of 
rods,  thrusts/rods,  levers,  etc. 

Linear  insulators,  serving  for  the  attachment  of  the  wires  of 
the  air  electric  power  lines  and  busbars  of  the  open  distributors, 
are  subdivided  into  bolt  ones  and  suspension  ones. 

Station-type  and  line  insulators  are  manufactured  from  porcelain 
as  the  material,  which  most  completely  corresponds  to  requirements 
indicated  above,  apparatus  insulators  also  in  the  majority  of  the 
cases  are  manufactured  froa  porcelain. 

Insulators  can  be  manutactuced  also  from  the  annealed  glass, 
which  possesses  good  electrical  insulating  properties  and  high 
theraal  and  cheaical  stability.  Linear  and  apparatus  insulators  of 
glass  have  soaewhat  smaller  overall  sizes  and  considerably  smaller 
weight  and  cost/value  in  comparison  with  porcelain  ones.  Proa  glass 
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it  is  possible  to  manufacture  linear  and  apparatus  insulators  to  all 
voltages,  switching  on  suspension  insulators  to  high  voltages  400-500 
kV.  Within  the  next  few  years  Soviet  plants  Bust  master  the  aass 
production  of  glass  linear  ana  apparatus  insulators  to  all  voltages. 

Proa  bakelite,  Textolite,  tree/wood  and  other  sinilar  to  then 
aaterials  are  aanufactured  sose  parts  of  apparatuses,  which  are 
located  within  the  jackets,  flooded  by  insulating  oil,  and  more 
rarely  the  parts,  which  worn  in  air  (only  in  apparatuses  for  internal 
installation)  . 

For  the  attachaent  of  insulator  on  support  (steel 
construction/design,  wall,  etc.),  and  also  for  attachaent  to  the 
insulator  of  busbars  or  current-carrying  parts  of  the  apparatuses  it 
has  aetal  insert/reinf orceaent,  i.e.,  the  metallic  parts,  attached  on 
porce lain. 

Page  159. 


In  station-type  insulators  armature  is  secured  on  porcelain  with 
the  aid  of  the  various  kinds  of  tne  resin  ceaents.  In  apparatus 
insulators  apply  also  nechanical  attachaent  the  araatures  on 
porce lain. 
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The  porcelain  housing  of  insulators  from  external  surface  is 
covered/coated  with  glaze  for  the  purpose  of  an  improvement  in  the 
electrical  and  mechanical  gualities  of  insulator. 

Depending  on  kind  of  installation  distinguish  station-type 
insulators  for  internal  and  external  installations.  The  latter  have 
the  structural/design  forms,  which  ensure  their  reliable  work  in  the 
rain  and  in  contaminated  with  dust  state.  In  the  installations, 
subjected  to  intensive  contamination  or  action  of  harmful  for 
insulation  gases  and  evaporations,  sometimes  are  applied  the 
insulators  of  special  constructions. 

The  mechanical  strength  of  station- type  insulators  must  be  such 
that  they  would  maintain/withstand  with  the  specific  safety  factor 
the  greatest  electrodynamic  ef torts/forces,  appearing  with  course  on 
the  busbars  of  impact  short-circuit  current  (mechanical  load  in 
normal  mode  was  small,  since  it  is  determined  in  essence  by  the 
weight  of  busbars)  . 

Depending  on  mechanical  strength  insulators  to  one  and  the  same 
voltage  they  manufacture  different  sizes/dimensions  and  subdivide 
into  groups  (A,B,C,  D,  E,  or  1,  II,  ITT).  The  mechanical  strength  of 
the  insulator  of  each  group  is  characterized  the  determined  by  value 
destructive  mechanical  load,  o y  which  is  understood  this  smoothly 
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accompanying  load  on  insulator  in  the  plane  of  cap/hood  and  it  is 
perpendicular  to  the  axis  of  insulator  with  which  can  begin  its 
partial  or  f ull/tota 1/ccaple te  destruction.  Permissible  load  to 
insulator  is  accepted  as  the  egual  to  6O0/0  of  that  destroying 
(characteristics  of  station-type  insulators  are  given  in  table  P-9). 

Insulators  one  and  tne  saae  of  group,  but  to  different  noninal 
voltages,  differ  fro*  each  other  in  teras  of  the  active  height  of 
porcelain  (h  in  Pig.  9-1),  wniie  the  insulators  of  different  groups 
to  one  and  the  sane  voltage  -  ny  a  diameter  of  porcelain  housing. 

Feedthrough  insulators  are  additionally  distinguished  by  the 
section  of  the  current-carrying  rods,  designed  for  specific  rated 
currents  (see  table  P-9). 

Soviet  plants  aanufacture  insulators  to  all  voltages  to  500  kV 
inclusively. 

9-2.  Stand-off  insulators. 

Stand-off  insulators  for  internal  installations  by  voltage  are 
higher  than  1000  V.  widest  application  in  Soviet  installations  by 
voltage  6-35  k7  inclusively  have  the  stand-off  insulators  of  series  0 

<L 

(types  0 A ,  OB,  0)f,  OD)  ,  characteristic  feature  which  is  the  external 
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With  circular  flange  tne  insulator  is  fastened  to  metal 
construction  with  one  bolt  waich  is  screwed  into  central  threaded/cut 
opening/aperture  in  collar  2.  In  oval  collars  there  are  two  openings, 
while  in  square  ones  -  four,  that  use  for  the  attachment  of  insulator 
to  support  by  respectively  two  or  four  through  bolts. 


In  cap/hood  3  are  threaded/cut  openings/apertures  for  the 
attachment  of  current-carrying  parts. 


At  present  Soviet  plants  manufacture  also  stand-off  insulators 
to  the  voltages  6-20  k?  of  new  construction/design  -  small/miniature 

t 

insulators  of  series  OH  (types  OHA,  OHB,  OH^ ,  OHD,  OH E)  . 
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a) 

Pig.  9-1.  Stand-off  insulators  to  voltage  10  kV  for  internal 
installation,  a)  type  OA-1G  vitu  outside  seal  of  armature  (old 
construction/design) ;  b)  tne  type  oMA-10  small/miniatur e  with  the 
internal  seal  of  armature  (nan  construction/design). 

Page  160. 

The  characteristic  feature  or  these  insulators  (Fig.  9-1b)  is  the 
internal  seal  of  the  armature,  which  consists  of  two  nipples  2  and  3; 
the  latter  are  secured  in  cement  mortar  4  in  deepenings  in  the 
end-type  parts  of  the  porcelain  housing  1  of  insulator  [L  9-1]. 

Upper  nipple  3  has  two  threaded/cut  openings/apertures  for  the 
attachment  of  current-carrying  parts,  and  lower  nipple  2  -  one  or  two 
openings/apertures  with  cutting  for  the  attachment  of  insulator  on 
metal  construction. 


The  internal  seal  of  armature  decreased  the  height  of  insulators 
approximately/axemplarily  on  4Go/o  at  the  same  active  height  of 
porcelain  h,  which  is  evident  icon  the  comparison  of  outlines  a  and  b 
in  Fig.  9-1.  The  total  weight  of  insulators  decreased 
approximately/exemplarily  2  times  mainly  due  to  the  reduction  or  the 
weight  of  armature  and  cement.  Decreased  the  cost/value  of 
insulators. 

In  the  insulators  of  series  on  for  the  reliable 
cohesion/coupling  of  cement  mortar  with  the  porcelain  housing  of 
insulator  during  the  glazing  of  porcelain  to  the  surface  of  end-type 
deepenings  will  be  deposited  porcelain  grit.  So  that  there  would  not 
be  the  rotations,  nipples  notched  and  edges/fins. 

Stand-off  insulators  for  external  installations.  For  external 
installations  Soviet  plants  manufacture  the  stand-off  insulators  of 
bolt  and  rod  types.  Fig.  9-2  gives  bolt  stand-off  insulator  to 
voltage  35  kV  of  the  type  shT-J5,  which  consists  of  two  porcelain 
elements/cells  1  and  2,  cast  iron  cap/hood  3  and  cast  iron  stub  with 
collar  4,  fastened  between  themselves  resin  cement  5.  Insulators  on 
35  kV  of  the  type  IShD-35  have  three  porcelain  elenents/cells,  while 
insulators  on  by  6  and  10  kV  of  types  ShN-6  and  ShS-10  -  only  one. 


The  sizes/dimensions  of  pin  insulators  and  the  developed  surface 
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of  porcelain  elements/cells  provide  their  reliable  work  in  the  open 
distributors. 

For  external  installations  110  kV  and  above  are  applied  the 
columns  of  pin  insulators,  assembled  from  stand-off  insulators  35  kV: 
on  110  kV  -  of  three  insulators  or  the  type  ShT-35,  on  220  kV  -  of 
five  insulators  of  the  type  Isnd-35.  A  similar  column  of  pin 
insulators  to  voltage  220  kV  it  is  possible  to  see  in  Fig.  16-7  part 
5)  . 


In  contrast  to  bolt  ones,  rod  stand-off  insulators  are  simpler 
structurally/constructuraliy ,  tuey  have  smaller  diameter,  it  is 
cheaper  and  they  are  more  reliable;  therefore  in  recent  years  they 
find  an  increasing  use. 

Soviet  plants  manuxacture  stick  insulators  to  all  voltages  to 
110  kV  inclusively.  In  the  form  ox  an  example  Fig.  9-3  shows  rod 
stand-off  insulator  to  voltage  3o  xV  of  the  type  SO-35.  In  the  new 
constructions/designs  of  disconnectors  for  external  installation  are 
applied  stick  insulators  of  types  ST-35,  ST-110,  .  (Fig.  16-8). 

To  especially  high  voltages  are  applied  composite/compound  stick 
insulators,  as  this  it  is  possible  to  see  in  Fig.  16-9,  where  each 
stand-off  insulator  of  disconnector  to  voltage  400  kV  is  comprised  of 


I 
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struts  on  eight  stick  insulators  xa  each.  To  insulator  is  attached 
the  fora  of  trihedral  pyramid  for  an  increase  in  the  mechanical 
strength. 

9.3.  Feedthrough  insulators. 

Feedthrough  insulators  for  internal  installations  Soviet  plants 
manufacture  three  types:  1)  with  the  current-carrying  cruxes  of  the 
rectangular  cross  section;  2)  nusnar/tire  and  3)  with  the 
current-carrying  cruxes  of  round  cross-section. 

Feedthrough  (wall  entrance)  insulators  with  the  current-carrying 
cruxes  of  rectangular  cross  section  manufacture  to  voltages  6  and  10 
kV  and  rated  currents  200-  1300  A  (type  PA  and  PB)  .  This  insulator 
(Fig.  9-4)  consists  of  gently  porcelain  housing  1,  on  middle 
cylindrical  part  of  which  is  attacned  on  the  resin  cement  oval  collar 
2  with  two  openings/apertures  3,  which  serves  for  the  attachment  of 
insulator  in  support  by  two  bolts. 


J 


j 
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Fig.  9-2.  Bolt  stand-off  insulator  of  the  type  ShT-35  on  35  kV. 

Fig.  9-3.  Rod  stand-off  insulator  of  type  SO-35  on  35  kV  for  external 
installation. 

Page  161. 

/ 

Within  porcelain  housing  passes  the  current-carrying  busbar  5 
rectangular  cross  sections,  attached  with  the  aid  of  two  metallic 
washers  4  with  the  rectangular  openings/apertures,  which  correspond 
to  the  section  of  busbar.  Washers  enter  into  deepenings  in  the 
ends/faces  of  the  porcelain  housing  of  insulator. 

At  the  ends/leads  of  the  current-carrying  busbar  are 
openings/apertures  for  connection  to  it  with  the  aid  of  the  bolts  of 
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the  busbars  of  distributer  or  current-carrying  parts  of  the 
apparatus. 

Ose/application  of  the  flat/plane  current-carrying  busbars  in 
wall  entrance  insulators  6-10  kV  gives  essential  metal  savings,  since 
permissible  load  on  flat/plane  ousoars  is  oore  than  to  circular  ones, 
simplifies  both  the  construction/design  of  insulator  and  the 
connection  to  it  of  the  flat/plane  busbars  which  are  applied  in 
distributors  6-10  kV . 


In  installations  6-10  KV  round  rods  have  only  wall  entrance 
insulators  of  the  type  PV.  furthermore,  round  rods  are  applied  also 
in  wall  entrance  insulators  of  some  apparatuses  to  voltages  6-20  kV 


DOC  -  913*8101 


PIGS  | f0l 


la  installations  with  voltage  to  20  ST  inclusively  with  the 
carrsats  of  load  sore  than  600  k  use  extensively  busbar/tire  type 
wall  entrance  insnlators  (Fig*  9-5),  which  are  supplied  by  plants 
without  current-carrying  parts  (type  IPSh).  During  the  nounting 
through  such  insulators  pass  the  busbars  by  which  is  assenbled  the 
distributor.  Through  the  insulator  can  be  passed  one  busbar  of 
rectangular  cross  section  or  pachet,  which  consists  of  several 
flat/plane  busbars  (see  §  10-2  and  Fig.  10-2). 

Busbar/tire  insulators  have  caps/hoods  of  3  special 
constructions/designs.  On  each  cap/hood  with  the  aid  of  two  bolts  are 
secured  two  steel  planks  4  with  rectangular  grooves  for  the  passage 
of  busbars.  The  sizes/diaensions  of  these  grooves  are  determined  by 
the  diaensions  and  nuaber  of  busbars,  passed  through  the  insulator. 
Oaring  input  into  insulator  and  output  fron  it  of  the  packet  of  the 
busbars  between  then  are  established/installed  the  separators 
(spacer)  by  the  thickness,  egual  to  the  thickness  of  busbars  in  the 
packet  (are  used  the  clippings  of  the  busbars  being  assenbled)  . 

Ball  entrance  insulators  to  voltage  35  kv  have  the  round 
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current-carrying  rods. 

Bsaksst  is  slsctrical  sssss  place  of  partition  insulator  is  its 
siddlo  part  -  bat was n  the  currant-carrying  rod  and  the  grounded 
collar.  There for a  in  vail  entrance  insulators  to  voltage  35  kv  for 
the  purpose  of  increase  of  dielectric  strength  of  insulator  the 
current-carrying  rod  sithin  porcelain  housing  they  additionally 
insulate  by  the  Bakelite  paper. 

The  collars  of  wall  entrance  insulators  to  rated  currents  less 
than  1500  A  and  the  caps/haods  of  insulators  to  currents  of  less  than 
1000  A  aanufacture  froa  gray  cast  iron,  and  with  large  rated  currents 
-  froa  aon-nagnetic  cast  iron  (or  siluain) #  since  with  their 
fulfillaent  froa  gray  cast  iron  they  in  such  high  currents  are 
excessively  heated  by  eddy  currents,  also,  as  a  result  of  hysteresis. 

For  the  suae  purposes  the  cest  iron  collars  of  soae  wall 
entrance  insulators  are  fulfilled  of  two  halves,  bolted  (Fig.  9-6) : 
air  gap  between  halves  of  collar  considerably  increases  reluctance 
and,  therefore,  reduces  induction  in  the  parts  of  collar  and  heating 
by  their  eddy  currents,  also,  as  a  result  of  hysteresis. 

Because  of  the  ssall  air  gap  between  then  insignificantly  are  in 


exactly  t 


ated  0-shaped  steel  plants  by  4  on  the 
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caps/koods  of  passage  busbar /tie*  insulators  (Fig.  9-5) . 

fall  oatranco  insulators  for  external  installations  (linear 
coaclnsion/output)  to  voltages  8-35  kf  Soviet  plants  nanufacture  to 
rated  currents  *00-* 000  l  (types  P1B  and  PR^L 
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Pig.  9*4.  Vail  entrance  insulator  of  the  type  PA  6/400  on  6  kv,  400 
for  iataraal  iastallatioa. 


Fig.  9-5.  Passage  busbar/tire  insulator  of  type  IPSh-1-10  on  10  kv 
(fpasp**2000*/').  1  -  porcelain  bousing;  2  -  collar;  3  -  cap/hood;  4  - 
•tool  planks;  5  -  bolt  for  grounding;  6  -  ceaenting  adhesive. 

Pago  162. 

All  those  insulators  have  the  round  current-carrying  rods,  except 
insulators  to  20  kv  and  rated  currents  2000-4000  A,  in  which  as  the 
current-carrying  rods  are  applied  the  packets  of  two  copper 

rectangular  busbars. 

The  special  feature/peculiarity  of  linear  conclusion/output  is 
the  dif forest  fulfillaeat  of  the  external  and  internal  parts  of  the 
porcelain  housing  (Pig.  9-6).  the  external  part,  arranged/located  ou 
of  building  or  outside  of  apparatus,  has  norc  developed  surface 
(seriesAo*  of  edges/fins)  and  large  aizes/diaensions. 
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Fig.  9-6  ia  tka  foe*  of  aa  aiaapla  gives  linear 
coaclsaioa/oatpat  oa  35  IV  aad  600  1  type  PIB-35/600. 

Current-carrying  copper  rod  «,  which  has  at  ends/leads  thread,  is 
passed  vitkin  porcelain  bousing  1  and  it  is  secured  in  caps/hoods  2 
bp  serened  to  it  centering  neskers  5  nith  the  fenale  thread.  For 
preventing  the  iacideace/iapiageaant  of  aoisture  inside  porcelain 
housing  froa  the  face  of  the  insulator  above  the  washer  is 
aeltipleziag  froa  the  saturated  cardboard,  washer  itself  is  fastened 
to  cap/hood  nith  screns/propellers,  and  the  current-carrying  rod  in 
the  place  of  contact  with  washer  is  soldered. 

Ia  none  outfits  of  35  kf  for  external  installation,  having  a 
housing,  filled  with  insulation  oil,  there  are  applied  bakelite 
iasalators,  equipped  on  the  internal  part  with  porcelain  cover, 
internal  cavity  of  which  is  filled  with  insulation  oil  for  protection 
of  bakelite  froa  aoisture  (Fig*  17-1*). 

Station-type  and  apparatus  wall  entrance  insulators  and  linear 
conclasion/ootput  by  voltage  110  kV  and  higher  have  nore  complicated 
construct ion/design.  Their  current-carrying  rods  are 
isolated/iasalated  by  the  Bakelite  paper,  superimposed  in  the  form  of 
several  concentric  cylinders,  porcelain  housing  consists  of  two 
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k>lmv  cou«ct«d  by  aetallic  collars,  which  considerably  simplifies 

aad  reduces  tha  cost  of  tha  production  of  insulators.  The  internal 

cawity  of  this  insnlator  is  poured  by  insulating  (transformer)  oil, 

which  increases  dielectric  strength  of  insnlator  and  improving  its 

cooling.  In  upper  part  the  insulator  is  supplied  with  glass 

container,  that  perforas  the  role  of  expander  and  naking  it  possible 

to  aonitor  the  oil  level  in  insulator.  The  oil-filled 

conclusLoa/output  can  have  the  separate  established/installed  on  wall 

(higher  than  the  insulator)  oil  tanks,  connected  by  an  oil  line  with 
an  internal  insulating  cavity. 

For  the  uniform  distribution  of  voltage  in  the  Bakelite  insulation 
surrounding  the  current-conducting  rod,  which  raises  the  break-down 
voltage  of  the  insulation,  insulators  for  a  break-down  voltage  of 
110  kV  or  higher  are  often  made  as  the  condenser/capacitor  type.  In 
these  insulators  between  the  layers  of  bakelite  run  the  tinfoil 
separators,  which  perform  the  role  of  capacitor  plates.  This  insula¬ 
tion  is  as  if  a  series/row  of  the  series-connected  capacitors/ 
condensers,  moreover  the  first  facing  is  the  current-carrying  rod. 
Latter/last  facing  is  grounded  (it  is  connected  to  the  grounded  collar 
of  insulator).  Condenser/capacitor  type  insulators  are  supplied  oil 
breakers,  and  sometimes  power  transformers  by  voltage  are  110  kV  and 
are  higher  (Fig.  17-^  and  17-8). 

9-9.  Lina  insulators. 


Linear  pia  insulators  are  applied  for  the  attachaent  of  the 
vires  of  the  snail  outdoor  substations  by  voltage  to  35  kv 
iaclusively.  Pig.  9-7  gives  the  outline  of  pin  insulator  35  kV  of  the 
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tj po  SkD-35.  Insulator  consists  of  two  por colain  elenents/cells 
2,  connected  by  rosin  conont  3.  stool  pin  on  outline  is  not  show 
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Fig.  9-6.  Vail  entrance  insulator  for  axtarnal  installations  (linear 

coaclasioa/ootput)  of  the  type  psa- 35/60  0  on  35  k¥,  600  A, 

1  -  porcelain  housing;  2  -  cap;  3-  detafchable  flange;  k  -  current¬ 
conducting  rod;  5  -  centering  screw;  6  -  bolt  for  attaching  conductive 
busses • 

Kay:  (f)  •  lataraal  part.  (2).  External  part. 


Fig.  9-7.  Linear  pin  insulator  of  type  ShD-35  on  35  kv. 


Page  163. 

Saspeasion  insulators  apply  in  open  type  installations  by 
voltage  35  kV  even  above.  Fig.  9-8  shows  the  very  propagated 
suspension  insulator  of  the  type  P-*.  5  for  greatest  working  load  4.5 
t. 


Proa  separata  suspension  insulators  coaprise  the  supporting  or 
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tightening  string  insulators.  In  the  open  distributors,  as  a  rule, 
are  applied  tightening  garlands  (Fig.  9-9). 

A  number.  c*f garland  for  normal  type  installations  is 
applied:  35  kV  -  5-1?  110  kV  -  6-7;  220  kV  -  12-14;  400  kV  -  22.  For 

devices  subjected  tt> ’’intense  pollution  (primings  from  boiler  and  other 
industrial  enterprd#%:^;t?te'' number  of  insulators  per  garland  increases 
1-2  times;  in  the  pt^aence  of  heavy  atmospheric  pollution  garlands  are 
made  from  specially-Jesigned'  suspended  insulators  with  a  larger  surface 
area. 

Sonetiaes  suspension  insulators  are  applied  also  in  the  open 
installations  by  voltage  6-20  AT*  in  this  case  sufficiently  one 
insulator. 

•ith  the  asseablj  of  insulators  the  butt  end  of  rod  3  (Pig.  9-8) 
one  Insulator  introduces  through  the  gash  into  cap  2  of  another 
insulator  and  they  cut  off  it  there  with  the  aid  of  the  special  lock, 
which  has  the  fora  of  plate. 

Upper  insulator  1  they  connect  with  thiable  2  (Fig.  9-9),  used 
for  attnchaent  garland  cn  support.  In  the  pole  aras  of  supports  are 
installed  the  special  thiables  or  the  hangers,  with  which  engage  th» 
thiables  of  garland.  The  rod  of  lower  insulator  3  they  connect  with 
lag  4,  to  ehich  in  f astoned/strengthened  tightening  ter ninal/gripper 
5,  which  holds  wire  6. 

In  installations  by  voltage  110  kT  Instead  of  the  garland  of  six 
sespensioa  insulators  of  the  type  P-4.5  it  is  possible  to  apply  one 


DOC  «  91348101 


F46B  {p  10 


suspension  stick  insulator  of  tbs  typo  SP-110  (Fig.  9-10).  These 
insulators  sors  sasily  ara  cheaper  than  the  garlands  of  suspension 
insulators. 

Ia  sore  detail  about  linear  insulators  see  [L  7-1  and  9-2]. 


9-5.  Selection  of  insulators. 

Ill  insulators  select  on  voltage,  kind  of  installations  and 
pernissible  nechanical  load.  Ball  entrance  insulators  additionally 
are  selected  on  rated  current. 

Insulators  reliably  work  with  the  voltage,  which  exceeds  their 
nominal  voltage;  on  15%  -  insulators  to  35  kV  inclusively  and  to  10%  - 
insulators  110  and  220  kV.  Since  the  maximum  working  voltage  of  electri¬ 
cal  installations  exceeds  their  nominal  voltage  by  not  more  than  5-10%  (see 
$3-1)  when  selecting  insulators  for  a  voltage  it  is  sufficient  to  observe 
the  condition: 

(9-1) 

where  UatMOU  -  nominal  voltage  of  the  insulator;  UycrHOH  -  nominal 

voltage  of  the  installation,  numerically  equal  to  the  nominal  voltage  of 
the  network  supplied  from  this  installation  (see  Ch.  3). 

Selection  on  the  kind  of  installation  bears  in  mind  the  selection  of 
insulators  for  internal  or  external  installation. 


DOC 


■hen  m lac ting  of  insulators  on  tbe  pernisaible  nechanical  load 
looloction  of  tho  group  of  lasalater)  nnat  bo  observed  the  condition 


F  <0,6  F 

(HC1  1  pop. 


(9-2) 


■kero  fpic<  -  greatest  design  load  on  insulator  with  three-phase 

inpact  short-circnit  currents  F^  -  breaking  load  on  the  catalog; 

0.6  -  safety  factor. 


1 
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Pig.  9*8.  Suspension  insulator  of  the  type  P-4.5  for  greatest  workinq 
load  4.5  t.  1  -  porcelain  housing;  2  -  cap  fron  aalleable  cast  iron 
zinc- coated,  3  -  steel  rod  (stub*  pestle);  4  -  lead-antinony  alloy;  5 


Pig.  9*9.  Tightening  of  lint  of  insulators  to  voltage  no  kv. 


Pig.  9*10.  Suspension  stick  insulator  of  type  SP-110  on  110  kv. 


Page  It*. 

In  §  7*1  it  «as  indicated  that  during  the  location  of  phases  in  one 
plane  and  during  three-phase  short  circuit  under  severe  conditions  is 
located  the  busbar  of  average/aean  phase.  With  the  identical 


flights/spaas  between  the  axes  of  stand-off  insulators  (Pig.  9-11)  in 
each  flight/span  on  the  busbar  of  average/neaa  phase  operates  force  /**’, 
deteraised  according  to  foraula  (7-3) .  The  sane  force  is  applied 
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to  avarage/asaa  insulators  2  aad  3  (reaction  to  the  support  of 
coatiaaoas  bean/gully).  It  ia  obvioua  that  to  outer  stand-off 
insulator  1  and  cap/ hood  of  sail  entrance  insulator  4  is  applied  only 
the  half  F  <*>,  i.e.# 

Froa  the  aforesaid  it  follows  that  during  checking  of  insulators 
to  eechanical  strength  according  to  forauia  (9-2)  one  should  accept: 
for  the  stand-off  insulators 

/rP«,=^3’;  <9-3) 

for  vail  entrance  insulators 

.  (9-4) 

In  the  case  of  different  flights/spaas  on  both  sides  of  the 
stand-off  insulator 

uhere  f\3'  aad  f'.3’  -  force  of  interaction  in  adjacent  flights/spans. 

Since  fp.jp  is  deterained  for  the  case  of  the 
applicatioa/appendix  of  the  beading  force  directly  to  the  cap/hood  of 
insulator*  then  in  the  location  of  busbars  on  stand-off  insulator  to 
odge/fin  and  force  direction  perpendicular  to  the  axis  of  the 
insulator  (seo  Fig.  9-11)  one  saould  decrease  the  peraissible  load  or 
shich  is  equivalent#  deaign  load  to  increase  in  accordance  with  an 
increase  in  the  are  of  application  of  fores*  i.s. *  one  should  accept 
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*h«n  Hn  -  height  of  the  stand-off  insulator;  H  -  distance  from  the 
foundation  of  insulator  to  the  horizontal  axis  of  the  busbar;  usually 
accept  t 


•here  b  is  considered  the  thickness  of  the  lower  plate  of  bus-holder 
(see  Fig.  10*7). 


When  selecting  of  wall  entrance  insulator  on  rated  current  must 
be  observed  the  condition  (see  also  indications  in  §  21-1) 

^aa.iWM  ^  ^t.uiicr  (9-6) 

•here  ~  a  naxinus  prolonged  current  of  the  load  of  circuit  in 

•hich  is  installed  wall  entrance  insulator. 


Pig.  9-11.  To  the  deteraination  of  the  calculated  nechanical  load  of 
supporting  and  wall  entrance  insulators. 


My:  (1).  Bus-holder.  (2).  Busbar 
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Chapter  Im. 

BD3BARS  OP  DISTRIBUTORS. 

10-1.  Hatarial  and  fora  of  saction  of  busbars. 

Ia  tba  closad  and  open  distributors  of  all  voltages  of 
electrical  stations  and  substations  the  collecting  aains  and  all 
connections  between  apparatuses  in  the  separate  circuits  (see  Fig. 
3*2).  and  frequently  also  the  connections  of  generators,  synchronous 
condensers,  step-up  and  step- do wn  transforners  to  the  corresponding 
distributors  per for a  by  bare  (not  insulated)  conductors  of 
rectengeler.  round  and  tubular  sections  and  by  flexible  stranded 
eires.  fastened/strengthened  to  insulators.  Further  all  these 
conductors  let  us  call  busbars. 

aatsrial  of  busbars.  In  distributors  ars  applied  copper, 
elueinee  end  steel  busbars.  Copper  is  one  of  the  best  conductors  of 
electric  carrent.  It  possesses  saaller  electrical  resistance  in 
coeparison  with  alueinue  and  steel  with  sufficiently  large  mechanical 
strength;  therefore  the  section  of  copper  busbars  is  obtained 


1 


A 


DOC  *  91348101  PICK 

■Hllait,  which  is  sspsciallj  substantial  in  installations  with  the 
high  values  of  currents. 

Copper  resists  well  the  effect  of  the  najority  of  chemical 
congests,  which  are  found  in  air;  therefore  copper  busbars  should  he 
applied  when  the  closed  or  open  distributor  is  installed  near  marine 
coast,  saline  lakes  or  chenical  plants  where  as  a  result  of  corrosion 
is  possible  the  deconpcsition  of  busbars  froa  other  aetals  (zone  of 
the  increased  corrosion  usually  is  counted  in  a  radius  of  5  km) . 

llesisue  possesses  approxisately/exenplarily  1.6-2  times  high 
resistivity  in  coaparison  with  copper;  therefore  with  the  same  load 
and  to  identical  pernissible  heating  tenperature  the  section  of 
alanines  busbars  is  obtained  large.  In  spite  of  this,  by  the  weight 
of  alnsinun  it  is  ecpended/coasuned  2-2. 5  tines  less,  since  it  more 
easily  copper  3.3  tines,  is  a  result  aluninun  busbars  prove  to  he 
aore  advantageous  than  copper  ones.  Therefore  in  the  closed  and  open 
distributors  one  should  use  extensively  aluninun  busbars. 

Steel  busbars  possess  considerable  specific  resistor/resistance 
(approxinately/exenplarily  7  tines  nore  than  copper  ones).  In 
alterneting  current  are  essential  the  losses  in  steel  busbars,  caused 
by  hysteresis  and  eddy  currents.  It  the  sane  tine  steel  busbars  are 
cheap. 
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Stool  busbars  aro  ccaaoaly  used  ia  low- power  Installations  by 
voltage  higher  than  1000  ¥,  and  also  In  group  and  switchboards  and  to 
that  sisilar  dev ices/e gulp neat  of  altornating  current  by  voltage  to 
1000  V  with  operating  currant  usually  to  200-300  A  also  it  is  rare 
with  largo  ones.  In  the  installations  of  direct  current  are  applied 
stool  busbars,  also,  to  largo  operating  currents. 


Form  of  the  section  of  busbars.  In  devices  with  voltage  of  up  to 
35  kV  inclusive,  busses  with  a  rectangular  cross  section,  (Fig.  10-2a) 
which  are  more  economical  than  round  busses  with  a  solid  cross  section, 
are  used.  In  identical  cross-sectional  area  rectangular  busbars 
better  are  cooled  as  a  result  of  larger  surface  of  cooling.  Futhermore, 
with  alternating  current  the  electrical  resistance  of  the  circular  bus¬ 
bars  is  greater  than  rectangular  ones  of  the  same  sectional  area,  as  a 
result  of  surface  effect  -  nonuniform  alternating-current  distribution 
according  to  the  section  of  busbar.  With  alternating  current  the 
greatest  current  density  Is  observed  on  the  surface  of  conductor,  and 
smallest  -  in  the  middle  of  conductor.  As  a  result  of  entire  this  the 
let-go  current  of  load  on  rectangular  busbars  is  more  than  to  circular 
ones  (at  identical  sectional  area  and  heating  temperature). 


For  tho  purpose  of  tho  boot  cooling  and  docreaso  of  the  effect 
of  oarfaco  offoct  it  ia  uxpedient  to  apply  the  rectangular  busbars  of 
seall  thickness.  Based  os  this,  and  also  taking  into  account 
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Mckaiictl  strength,  copper  sad  aloiiaii  busbars  usually  have 
relationship/ratio  of  sides  1/5*1/12  (greatest  busbar  10*120=1200 
as*)«. Steel  busbars  la  the  installations  of  alternating  current  apply 
not  thicker  than  «  sa. 


Ia  installations  voltage  it  is  above  35  kf  with  the  fulfillment 
of  busbar Aite  constructions/designs  necessary  to  consider  the 
pkenoaeaoa  of  corona. 

It  is  known  that  there  is  an  electrical  field  around  the  wire,  the 
intensity  of  which  depends  on  the  voltage  of  the  installation  and  the 
distance  between  phases.  With  an  increase  in  the  voltage  and  with  the 
decrease  of  the  distance  between  phases  the  electric  intensity  increases. 
The  greatest  electric  intensity  is  observed  near  the  surface  of  the 

virus;  in  proportion  to  distance  fron  wire  the  alectric  intensity 

rapidly  decreases.  If  electric  intensity  near  the  surface  of  wire 

exceeds  the  value  of  dielectric  strength  of  air 

(approxiaately/exenplarily  21.1  kV/cn),  then  around  wire  occurs  the 
intense  ionization  of  air  and  appears  the  violet  glow,  called  the 
corona  (it  is  veil  visible  ia  darkness). 


Dielectric  strength  of  air  depends  on  veather  conditions: 
henidity*  tea per at are,  barouetric  pressure.  In  daap/crude  weather  the 
corona  is  aore  strong*  rather  than  in  dry  weather. 


The  corona  of  busbars  is  very  undesirable,  since  the  intense 
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ioaixatioa  of  air  decreases  its  dielectric  strength,  which 
facilitates  flashing  over  and  breakdown  between  phases,  especially  if 
the  surface  of  insolation  is  coataainated.  in  the  region  of  corona 
occar  the  cheaical  reactions*  which  are  accoapanied  by  the  formation 
of  osoae  and  nitrogen  oxides.  Ozone  intensely  oxidizes  the  metal 
coast r act ions  of  distributor. 

Page  166. 

■itrogea  oxides  fora  with  water  the  nitric  acid,  which  destructively 
operates  oa  organic  insolation  and  netals.  The  corona  of  busbars, 
which  is  accoapanied  by  characteristic  noise  and  crackle,  impedes  the 
functional  check  of  egnipaeat  by  crosstalk  by  its  operating 
personnel.  Light  crackles  with  sparking  in  the  loosely  connected 
contacts  and  daring  the  incipient  breakdown  or  overlap  in 
apparatuses,  the  jarring  burning  as  a  result  of  leakages/loosenesses 
in  the  aagnetic  systea  of  traasforaars  and  so  forth  is  difficult  to 
hear,  if  the  busbars  of  distributor  display  corona.  However,  by  the 
tiaely  detection  of  the  pheaoneaa  indicated  it  is  possible  tc  avoid 
the  dewelopaent  of  daaage  and  to  warn/prevent  eaergency. 

lith  the  corona  of  busbars  occurs  certain  loss  of  electric  power 
[l  7-1].  However,  as  a  result  of  coaparatively  snail  length  of 
baabars  of  distributors,  these  losses  do  not  have  vital  importance. 
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UtMM  corona  Is  olMTftd  in  installations  by  the  voltage  of 
above  35  kf;  thsrsfors  in  Soviat  installations  by  voltage  110  kv  and 
above  are  applied  either  tubular  busbars  or  stranded  vires,  the  same 
as  on  electric  power  lines,  since  eith  the  given  voltages  of 
installation  and  the  distance  between  phases  it  is  possible  by  an 
increase  in  the  diaaetez  of  tubular  busbar  or  stranded  vire  to  so 
decrease  the  strength  of  field  on  their  surface,  that  they  will  in  no 
nay  display  corona  (see  §  10-2)  . 

Tabular  busbars  fasten  on  bolt  or  rod  stand-off  insulators 
(rigid  set  of  tires) •  ire  applied  aluainua,  steel  and  copper  tubes. 

Stranded  wires  fasten  on  suspension  insulators  (flexible  set  of 
tires),  loraally  are  applied  steel-aluninun  less  frequently  thinner 
than  copper  stranded  wires,  litb  the  saae  wires  is  nade  the  flexible 
set  of  busbars  of  the  open  distributors  35  kv. 

la  the  installations  of  very  high  voltages  (220  kv  it  is  above) , 
where  operating  currents  are  cooperatively  snail,  and  in  the 
condition  of  iaadsissibility  of  corona  the  diaaeter  of  wire  must  be 
considerable,  it  is  expedient  to  apply  for  the  purpose  of  netal 
saviage  flexible  hollow  copper  wires  (brand  BP). 


DOC  «  91348101 


P  AM  faji! 


la  distributors  nor  sail y  tr«  applied  the  bare  uninsulated 
kiabtrSf  which  is  explained:  1)  by  the  saaller  cost/value  of  the  hare 
besbass;  2)  by  simplicity  of  their  nounting  even  3)  by  the  larger 
pereissible  load,  which  gives  savings  of  aetal.  Insulated  busbars 
apply  only  in  those  distributors  of  the  special  constructions/designs 
where  with  the  abbreviatad/reduced  overall  sizes  it  cannot  be 
naiatalaed  the  necessary  distances  between  bare  busbars. 

10-2.  Selection  of  busbars. 

Vhe  section  of  the  busbars  of  distributors  select  by  economic 
current  density  and  check  against  naxinun  prolonged  current  leads,  on 
corona  and  on  theraal  resistance  and  nechanical  strength  during  short 
circuits. 

Selection  of  the  section  of  busbars  on  econoaic  current  density. 
With  flows  on  the  busbars  of  the  current  of  load  in  which  depends  on 
the  strength  of  current  of  load  and  section  of  busbars,  i.e. ,  their 
resistor /resist a nee  (AA«3I*rt#  considering  that  for  tiae  t  the  load 
of  busbars  it  reaains  constaat/invariable) . 


fith  one  and  the  sane  current  of  load  the  greater  the  section  of 
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(rasters*  tte  lsss  ths  snsrgj  loss  la  thea  and*  consequently,  also  the 
cost/value  of  lost  electric  poser  (curve  1  in  Fig.  10-1).  on  the 
other  hand*  an  increase  ia  the  section  of  busbars  leads  to  an 
increase  in  the  cost /value  of  busbar/tire  construction/design,  and 
conseqeently*  to  aa  increase  is  the  expenditures  for  repair  and 
depreciation  allowances  of  the  busbar/tire  construction/design  which 
are  proportional  to  its  cost/value  (curve  2  in  Pig.  10-1; 
depreciation  allowance  the;  are  the  deductions  for  the  fund  for  the 
restoration/reduction  cf  construction/design). 

Storing/adding  up  the  ordinates  of  the  curves  of  1  and  2,  we 
obtain  curved  3*  which  characterizes  variable  coaponent  of  total 
operating  costs  in  dependence  on  the  section  of  busbars.  As  is 
evident*  with  certain  section  of  busbars  sJK>  which  can  be 
naned/called  econonic*  the  operating  costs  prove  to  be  snallest. 

■ith  an  increase  in  the  average  annual  load  of  the  busbars  (more 
unifora  annual  graph /curve*  larger  value  TMKttc)  of  the  loss  of  electric 
power  in  busbars  increase  (with  the  sane  section  of  busbars)  ,  and 
consequently*  increase  aad  the  cost/value  of  the  lost  energy  (dotted 
curve  1*|  •  Is  a  result  of  this  the  econonic  section  of  busbars  is 
already  soaewhat  larger  section  s’m- 


Page  167. 
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Pro*  of  tha  cor vos  of  Fig*  10-1  it  is  evident  that  with  the 
sectioas  of  bashers,  soaevhat  sseller  j*.  initial  costs  of  busbar/tire 
eonstroction/dssign  decrease  coasiderably  eore  rapid,  rather  than 
iecroeso  aaaeal  operating  costs*  Therefore  of  the  state 
coasi derations  proves  to  be  ecoaoaically  aore  advantageous  tc  accept 
the  section  of  bnsbars  soaevhat  snaller  siK,  providing  thereby  the 
considerable  decrease  of  the  expenditures  of  netal  and  resources  for 
the  installation  of  bnshar/tire  construction/design  with  a  very  small 
increase  in  the  annual  operating  costs.  The  freeing  resources  and 
netal  can  be  used  for  expanding  the  energy  construction. 


Taking  into  account  all  this,  technical  control  of  pies  of  the 
OSS*  established/installed  led  in  POE  [  L  3-6]  the  so-called  maximum 
ecoaoalc  current  densities  />K  for  bare  wires  of  busbars  (tables 
10-1|,  using  which  should  be  deterained  the  sections  of  wires  and 
busbars,  used  for  the  set  of  tires  of  the  distributors  of  all 


voltages: 


(JO-1) 


where  /„  -  current  of  the  greatest  constant  load  of  circuit  in  the 

no rani  node  of  work  (without  taking  into  account  the  possible  in 
operation  overloadings  of  a  circuit,  and  also  increase  of  its  load 
dariag  eaergeacies  and  rspairs) • 
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Tha  obtained  condition  (10-11  saction  thay  round  off  to  nearest 
larger  standard  on  tabla  P-10.  Sal acted  thus  section  provides 
safficiant  efficiency/cost-effectiveness  of  the  operation  of 
basbar/tira  construction/dasiga  with  a  rationally  possible  savings  of 
natal  and  resources  to  its  installation. 

Tha  saction  of  tha  collecting  nains  of  the  distributors  of  all 
voltages,  and  also  busbars  of  teaporary/tine  installations  by 
aconoaic  currant  density  does  not  select.  The  busbars  indicated 
select  on  let-go  currant  loads,  as  this  shown  below. 

Checking  the  section  of  basbars  to  the  aaxiaun  prolonged  current 
of  load  (checking  for  baatiag  in  nornal  node),  tilth  any  possible  in 
operation  current  of  lead  the  teaperature  of  heating  busbars  must  not 
exceed  the  specific  value.  According  to  the  in  force  in  the  USSR 
norns  the  long  pernissible  teaperature  of  heating  bare  wires  and 
basbars  is  accepted  egnal  to  70°C.  since  at  larger  heating 
teaperature  Is  observed  the  intensive  oxidation  of  the  contact 
connections  of  busbars,  which  leads  to  a  considerable  increase  in 
their  contact  resistance.  Tha  calculated  teaperature  of  air  is 
accepted  by  25°C.  Under  these  conditions  are  determined  the  long 
let-go  currents  of  load  cn  basbars  and  bare  wires  (tables  p-10). 
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which  east  not  bo  exceeded  in  tho  nornal  operation  of  installation. 

Pros  the  aforesaid  it  follows  that  the  section  of  busbar, 
deter ained  according  to  econoalc  current  density,  must  be  such  so 
that  with  the  noxious  prolonged  current  of  the  load  of  that  circuit, 
for  which  it  is  intended,  the  teaperature  of  its  heating  would  not 
exceed  d  «70®C.  For  this  suet  be  observed  the  condition: 

AO fl 

0°-2) 

where  Im  -  the  long  let-go  current  of  load  on  busbar  on  table  P-10; 
K.um'*  ■*xisun  prolonged  current  of  the  load  of  that  circuit,  for 
which  is  intended  the  busbar. 
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Pig.  10*1.  Dependence  of  operating  costs  on  the  section  of 
current-carrying  part  (busbar,  cables). 


Key:  (1).  Annual  expend!  tures/consuaptions,  rub. 


Table  10-1.  Haxiaua  econoaic  current  density  of  bare  wires  and 


busbars. 
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Key:  (1).  Designation  of  conductors.  (2).  Haxiaua  econoaic  current 
density /3K>  1/sa*.  (3)  nitb  tbs  desand  tine  of  load  peak  ^  h.  (4) 


it  is  sore  than.  (5) .  Bare  vires  and  busbars:  a)  copper;  b)  aluminum. 
(6)  to. 
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Pa  ge  188. 

If  condition  (10-2)  is  not  satisfied  for  the  busbar,  selected  on 
ecoaoaic  current  density*  than  should  be  selected  the  busbar  of  large 
section. 

fhen  under  the  conditions  of  operation  is  possible  the  prolonqed 
overloading  of  circuit*  for  which  is  intended  the  busbar,  current 

should  be  deter nined  taking  into  account  this  overloading,  so, 
for  the  circuits  of  generators  one  should  consider  that  the 
generators  can  long  work  with  noaiaal  power  with  the  voltage, 
lover ed/reduced  to  5o/o  against  aoninal,  i.e.,  with  the  current  of 
load  1.05  /ruOM  (see  Chapter  22).  power  transformers  under  certain 
conditions  can  long  work  with  overloading  to  30-40o/o  (see  chapter 
23),  etc. 

Collecting  nains  should  be  selected  taking  into  account  possible 
current  distribution  in  then  in  different  nodes/conditions  of  the 
work  of  the  installation:  in  aornal  node,  with  cutoff/disconnection 
of  one  of  generators  or  traasforaers,  etc.  On  powerful/thick 
installations  and  at  the  considerable  length  of  collecting  mains  for 
the  purpose  of  aetal  savings  it  is  possible  to  apply  in  different 
sections  of  the  busbar  of  different  sections  (stepped  busbar). 
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Thi  rated  car rent a  of  voltage  transforaers  are  negligibly  small; 
therefore  hasher  to  thea  it  is  possible  to  select  circular,  steel,  by 
the  diaaeter  of  8*10  ia. 

Table  P-10-1-P- 10.4  gives  the  long  permissible  loads  with 
alternating  current  50  Hz  on  the  bare  painted  basbars  of  different 
aaterial,  fora  and  sectional  area. 

The  constant  of  the  enission  of  the  painted  busbars  is 
considerably  nore  than  not  colored  ones,  so,  if  the  constant  of  the 
enission  of  the  not  colored  oxidized  surface  of  copper  band  composes 
approxiaately/exeaplarily  0.5,  then  for  the  painted  surface  of  the 
sane  band  the  constant  of  enission  conprises  already  about  0.9-0.95. 
Therefore  the  coloration  of  basbars  inproves  their  cooling  by 
enission,  ns  a  result  of  which  with  the  sane  permissible  temperature 
of  heating  the  let-go  current  of  the  load  of  the  painted  busbars  on 
12-15o/o  sore  than  not  cclored  busbars. 

The  pernissible  loads  oa  busbars,  with  direct  current  somewhat 
greater  than  those  given  in  table  P-10  as  a  result  of  the  absence  of 
sarface  affect  with  direct  correat. 

fith  tha  horizontal  saparator  of  rectangular  basbars  and  durinq 
the  location  of  then  prone  on  support  insulators  (Fig.  10-  lb)  the 
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peraissible  load  on  tabla  P-10.1  and  P-10.2  anst  be  reduced  as  a 
result  of  the  worse  cooling  of  the  busbars:  by  5o/o  for  busbars  in 
bandwidth  to  60  as  and  by  8o/o  for  busbars  in  bandwidth  of  more  than 

60  an. 


■ith  an  increase  in  the  section  the  peraissible  current  density 
descends  as  a  result  of  the  worse  cooling  of  the  busbars  of  large 
sections,  and  with  alternating  current  also  because  of  the  larger 
effect  of  surface  effect. 

For  exaaple.  to  aluainua  busbar  by  section  40*5*200  an?  is 
ulloeed/assuned  current  540  A  at  current  density  540/200*2.7  A/mm*, 
and  to  aluninua  busbar  100*10*1000  an*  is  allowed/assuaed  current 
1820  A.  i.e*,  already  182<0QOO*1.82  A/aa*.  In  the  second  case  the 
natal  is  utilised  aore  badly  2.7/1.82 — 1.5  tines. 

On  the  sane  reasons  to  disadvantageous^  apply  the  busbars  of 
large  thickness. 

For  exaaple.  to  aluainua  busbar  60*8*480  an*,  is  alloved/assumed 
current  by  1025  A.  and  to  busbar  80*6*480  an*.  i.e..  the  same 
section,  but  thinner,  is  allowed/assuaed  current  1150  A,  which  is 
approxiaately/exeaplarily  to  12o/o  aore. 
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Bith  the  significant  sagnitnds  of  tbs  operating  currents,  which 
exceed  tbs  let-go  current  of  tbs  band  of  tbs  greatest  section,  they 
apply  to  pbass  ssvaral  bands,  collected/built  in  conaon  packet  and 
fastened  together  on  stand-off  insulators  (Pig.  10- 2b  and  c  and  Fig. 
10-7b|.  Tbs  distance  betaeen  bands  in  packet  take  by  the  equal  to 
thickness  one  band,  which  is  necessary  for  their  cooling. 

Bith  an  increase  in  the  nusber  of  bands  by  phase  the  permissible 
load  grova/rises  proportional  to  a  nusber  of  bands  in  packet,  but  it 
is  considerably  less  as  a  result  of  the  vorse  cooling  of  busbars  in 
packet.  Pnrthersore,  with  alternating  current  has  high  value  the 
so-called  proxiaity  effect.  Bach  band  of  packet  is  located  in  the 
alternating  aagnetic  field  of  adjacent  bands,  in  consequence  of  which 
is  raised  its  effective  resistance  and,  consequently,  also  heating 
■ith  one  and  the  sane  current. 
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Pig.  10*2.  Diagrams  of  busbarAi**  constructioas/designs.  a  - 
single-band  busbar;  b  -  pack at  of  two  bands;  c  -  packet  of  three 
bands;  d  -  packet  of  two  box  busbars. 

fags  169. 

fith  a  n usher  of  bands  in  packst  sore  than  two  proxiaity  effect  lead 
to  noassifora  current  distribution  in  the  bands  of  packet  -  in  niddle 
strips  the  current  will  be  less  than  in  extrene  ones,  so,  with  three 
bands  in  packet  current  in  extreae  bands  will  be  on  40o/o,  and  in 
aiddle  strip  20o/o  of  the  total  current  of  phase.  Thus,  current 
density  in  aiddle  strips  is  considerably  less  than  the  current 
density  in  extreae  bands.  Is  a  result  of  using  the  netal  of  busbars 
in  packet  it  is  considerably  less  in  coaparison  with  the  use  of  a 
natal  of  the  singly  run  bands. 

For  exaaple,  if  one  coppsr  busbar  by  the  size/di aension  100x10 
of  as  allows/assuaes  the  current  of  load  2310  1  (2.31  l/nz)  ,  then 
the  let-go  current  of  packet  froa  two  the  saae  bands  conposes  3610  a 
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(1.8  1/M*)  lastMd  of  2*2319*4820  1,  and  packet  of  three  bands  4650 
1  |1.55  1/m*)  instead  of  3*2310*6930  1. 

Therefore  with  alternating  current  it  is  better  to  apply  not 
sore  than  two,  also,  as  an  exception  of  three  bands  in  packet,  with 
the  direct  current  when  there  is  no  proxiaity  effect  and  current  is 
distributed  evenly  between  strips  of  packet,  it  is  possible  to  apply 
packets  with  a  large  nuaber  of  bands. 

Ia  the  powerful/thick  installations  of  alternating  current  with 
very  larger  operating  currents  should  be  applied  the  aore  economical 
bus bar /tire  constructions/designs,  which  ensure  least  possible  effect 
of  surface  effect,  proxiaity  effect  and  best  conditions  for  cooling. 

By  an  increase  in  the  distance  between  bands  of  the  packet  of 
flat  busbars  it  is  possible  to  soaewhat  reduce  the  effect  of 
proxiaity  effect  and  to  inprove  cooling  busbars,  but  attained  in  this 
case  increase  in  the  long  let-go  current  is  ccaparatively  small  with 
conplicatioe  of  the  attachaeat  of  the  packet  of  busbars  on  stand-off 
insulators.  Incomparably  nore  rational  are  the  busbar/tire 
construct ions/designs,  nade  froa  two  aluninun  or  copper  box  busbars 
of  large  cross  section  (fig.  10-2d).  Because  of  saall  effect  of 
proxiaity  effect  and  sufficient  to  good  cooling  the  use  of  a  metal  of 
box  busbars  is  obtained  considerably  better  (table  P-10.4)  in 
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comparison  with  the  packat  of  the  rectangular  busbars  of  the  sane 
overall  section. 

For  exnaple,  if  packet  of  four  aluainua  bands  by  size/d imension 
120x10  aa  by  overall  section  4800  aa*  allovs/assunes  the  current  of 
load  9650  1  (table  P-10.1)  or  0.97  i/n*,  then  tvo  box  aluminum 
busbars  vith  the  sise/diaension  of  shelves  175  na  and  80  nm  by 
overall  section  2*2990*4880  aa*  allov/assuae  current  6430  a  (tables 
P-10.9)  or  1.32  A/an*,  i.e.  ,  it  is  aore  1.36  tiaes. 

Proa  box  busbars  are  easily  feasible  busbar/tire 
constructions/designs  to  very  large  operating  currents,  to  10-12  kA 
and  aore. 

Cooperative  calculations  slow  that  usually  the  already 
three-band  packets  of  busbars  it  is  profitable  to  replace  by  box 

busbars. 

For  exaaple,  for  a  circuit  vith  kl  it  is  possible  to 

select:  packet  of  three  aluainua  bands  120x10  na  vith  s-3600  mm?  and 
V.™4100  *  or  tvo  box  busbars  vith  the  size /dimension  of  bands  125  mm 
and  53  aa  vith  s*2*1370*2740  aa*  and  /„«  • 4690  1.  With  box  busbars  the 
section  is  lass  by  24o/ov  but  let-go  current  is  nore  by  13o/o.  The 


rationality  of  the  use/application  of  box  busbars  does  not  cause 
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Tbs  las?  let-go  Caere ate  of  load  on  the  bare  not  colored  wires, 
defined  at  a  psraissibls  teaperatare  of  their  heating  by  70°c  and  at 
tsspsratare  of  air  of  25®C*  used  both  for  aerial  lines  and  for  the 
set  of  tires  of  distributors*  are  given  in  table  P-10.5. 

If  real  teaperatare  of  air  differs  fron  calculated*  equal  to 
25#C*  then  the  peraissible  load  of  busbars  and  wires  should  fce 
changed*  taking  into  account  correction  factor  kr  in  table  p-11.6,  in 
this  case  tinder  the  tesperature  of  air  both  inside  and  outdoors 
should  be  understood  nean  tesperature  in  13  h  of  the  hottest  month. 

It  the  sane  tine  POE  [L  3-6]  recoaaend  the  considering  of  these 
correction  factors  daring  the  detecnination  of  the  peraissible  load 
on  leads  of  bnsbar  only  when  the  real  teaperatare  of  air  considerably 
differs  fron  calculation  of  2S*C»  nanely:  for  regions  of  the  extreme 
north*  of  the  pernafrost*  tropics*  etc. 


Checking  of  busbars  on  corona.  For  the  previously  indicated  reasons 
(♦$10  -1),  the  busses  of  the  high-voltage  installations  should  not  be  on  a 
corona,  whereupon  in  open  installations  the  condition  that  the  busses  are 

not  on  corona  in  dry  and  clear  weather  is  usually  imposed..  Therefore  the 
stranded  wires  and  the  tubular  busbars,  utilized  for  the  set  of  tires  of 
distributors  by  a  voltage  110  kV  are  above,  the  selected  on  economic 
current  density  and  checked  on  let-go  current  loads,  additionally  they 
must  be  checked  to  corona.  So  that  the  busbar  would  not  display  corona, 
must  be  observed  the  condition. 
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Urtr.mom<U^  (10-3) 

ffhoct  u «p  —  the  breaking  at rase  ef  ooroaa  (voltage  of  the  appearance 
of  the  visible  corona) . 

If  the  busbars  of  three  phases  are  located  in  the 
ape ces/vertez as  of  equilateral  triangle,  then  the  breaking  stress  of 
corona  in  dry  and  clear  weather*  at  baroaetric  pressure  76  cm.  Hg 
and  teaperature  of  air  of  25*C  can  be  deter ained  according  to  formula 
[L  5-1  and  7-1): 

8^1g  -f.  (10-1) 

where  a  -  the  roughness  factor*  which  considers  surface  condition  of 
busbar  and  equal  to  0.93-0.98  for  tubular  busbars  and  single-wire 
wires*  which  are  long  found  in  air*  and  0.  83-0.87  for  stranded  of  the 
wires;  r  -  outside  radius  of  busbar*  ca;  a  -  distance  between  centers 

of  busbars*  ay ifc. 

Page  170. 

If  the  busbars  of  three  phases  are  located  in  one  plane,  then  on 
average/aean  busbar  corona  begins  with  voltage,  on  4o/o  smaller,  but 
on  outer  busbars  -  on  6o/o  larger  deterained  according  to  formula 
(10-*|  . 
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Proa  tkt  foraula  (10-4)  it  is  evident  that  for  increase  t/Kp  it  is 

CL/ 

possible  to  increase  the  distance  between  busbars  (by  phases)  j|  or 
the  diaaeter  of  busbars  2  r.  Is  usually  sore  advantageous  an  increase 
ia  the  diaaeter  of  basbars,  since  with  an  increase  in  the  distance 
between  phases  increase  sizes/diaeasions  and  cost/value  of  the 
supporting  structures  of  distributor. 

Checking  basbars  for  theraal  resistance  by  short  circuits  is 
conducted  in  accordance  with  indications,  data  in  §  7-2.  There  it  is 
shows,  ia  shat  cases  of  busbar  it  is  possible  not  to  check  against 
theraal  stability. 

Daring  the  deterainatioa  of  the  heating  tewperature  by  the 
carrent  of  short  circuiting  of  anitiline  busbars  it  is  necessary  to 
consider  the  current  distribution  of  short  circuit  in  the  bands  of 
packet  and  to  deteraiae  the  tewperature  of  the  aost  loaded  with 
cerrent  extreae  bands. 

Checking  busbars  for  aechaaical  strangth  during  short  circuits. 
Under  the  action  of  the  electrodyaanic  forces,  which  appear  with 
flows  oa  the  busbars  of  the  iapect  current  of  short  circuiting,  the 
basbars  are  beat;  therefore  checking  for  the  eechanical  strength  of 
the  rigid  heebars,  attached  oa  stand-off  insulators,  is  reduced  to 
their  check  calculations  to  curweture. 
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Ut  as  exaeiee  the  Mechanical  calculation  of  single-band  busbars 
with  tks  distance  between  stand -off  insulators  2  (ca)  and  between  the 
asss  of  phases  a  (cs)  (Pig*  10-3).  The  greatest  force,  which  operates 
oe  the  besbar  of  awerage/eeaa  phase,  will  be  deterained  during 

three-phase  short  circuit  according  to  foreala  (7-3) : 

1 1  *9 

F**  =  1 ,76 if  i- 1 0-  *  [*/*},  ( 1 0-5) 

where  i‘*  -  in  pact  carreat  with  three-phase  short  circuit*  kA. 

The  teaperatare  of  basbars  changes  with  a  change  in  their  load 
and  teaperatare  of  surrounding  air*  Bith  a  change  in  the  temperature 
of  heating  busbars  is  changed  their  length.  Especially  considerably 
beebars  are  heated  aad  are  lengthened  with  the  course  on  them  of 
short-circuit  current*  It  is  obvious  that  with  the  rigid  fastening  cf 
basbars  on  such  stand-off  insulator  (Pig*  10-3a)  this  elongation  of 
busbars  would  lead  to  their  considerable  strain  (curvature)  and  onset 
of  the  suppleaentary  bending  stresses  to  stand-off  insulators.  For 
eerning/prewenting  this,  in  the  first  place,  fasten  the  busbars  on 
stand-off  insulators  not  rigidly,  but  with  the  possibility  of  their 
longitudinal  travel  with  tenperature  changes  their  lengths  and*  in 
the  second  placa*  nuke  cn  busbars  the  special  flexible  compensators 
of  eloegetioe*  described  below  in  §  10-3. 
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Busbars  rigidly  ars  fastened  to  the  terminals/grippers  of 
slsctrical  apparatus**  and  aac bines,  to  the  outputs  of  vail  entrance 
iasalators  aad  in  the  places  of  the  branchings  cf  busbars,  when,  on 
the  busbars,  flexible  coapeasators  are  present,  are  fastened  rigidly 
the  busbars  only  on  stand-off  insulators  in  the  Biddle  of  the  section 
between  two  adjacent  coapeasators;  on  re  saining  insulators  the 
busbars  are  fastened  freely  with  the  possibility  of  their 
longitudinal  travel. 

Everything  said  nates  it  possible  to  consider  busbar  during 
nechanical  calculation  as  the  evenly  loaded  beaa/gully  vith  one 
rigidly  attached  (pinched)  end/lead  and  free  on  all  other  supports. 

In  accordance  with  this  the  operating  on  busbar  aaKiamn  bending 
sosent  can  be  deterained  by  one  of  the  following  formulas  [L  10-11: 

with  one  and  two  flights/spaas 

r<3).  (I) 

M  =  ~  [ kFcm];  (10-6) 

Key:  (1)  kg-ca. 

with  three  or  larger  nuaber  of  flights/spans 

M  =  W'h 


Key:  (1)  kg-ca. 


(10-7) 
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Fig.  10-3.  Location  of  the  busbars  of  rectangular  cross  section  on 
stand-off  insulators,  a  -  location  to  the  edge/fin;  b  -  location 
prone. 

Fags  171. 

The  voltage  of  the  sateriel  of  busbar  with  curvature  will  be 
deter lined  according  to  the  forsnla: 

M  f/> 

tW,=  S7  (10  8.1 

Key:  (1)  kgf/cn*. 

•here  V  -  nodulus  of  section  of  busbar  (in  ciJ)  relative  to  the  axis, 
perpendicular  to  line  of  force. 

During  the  autual  location  of  rectangular  busbars  on  Fig.  10- 3a 
nodulus  of  section  B*b*h/6r  and  in  Fig.  10-3b  w*bh*/6. 
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For  the  circuUr  bwahua  of  solid  section  t»*»d3/32 — O.ld3,  whi 
for  tubular  busbars  w  ~ ^  ~ ** .  where  D  and  d  -  external  and  tube 

bores. 


Obtained  value  east  satisfy  the  condition: 

(10-9) 

On  POB  [t  3-6]  they  accept  for  copper  of  brand  MT.  «,<>..  =1<*00 
kg/cs*;  for  aluninus  of  brand  At  %  *700  kgf/ca*  and  for  steel  •,«.*= 
»1600  kgf/ca*. 

■ith  the  nonfalf illaent  of  condition  (10-9)  it  is  necessary  to 
attain  decrease  o^.  This  it  is  possible  to  achieve  by  reduction  in 
current  of  short  circuit,  by  change  in  the  actual  location  of 
busbars,  by  increase  in  the  distance  between  phases  a,  decrease  of 
the  flight/spaa  between  insulators  l  and  finally  by  an  increase  in 
the  section  of  busbars. 

If  was  preliminarily  accept  the  autual  location  of  rectangular 
busbars  on  Fig.  10-3a,  then  transition/ junction  for  location  on  Fig. 
10- 3b  gives  considerable  decrease  as  a  result  of  the  larger 


noses t  of  resistance  of  busbars  in  the  second  case, 
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iith  an  increase  in  th*  distance  between  phases  a  proportionally 
decreases  force  F**,  therefore,  and  which  bends  noaent/torque  i  and 
voltage  of  the  aaterial  of  busbar  opaCH.  Increase  a  is  expedient  only 
in  each  a  case,  when  this  does  not  entail  an  increase  in  the  overall 
sixes  of  distributor  or  conplication  and  rise  in  price  of  the 
constroction/design,  daring  which  are  fastened  the  insulators. 

1  considerably  great  effect  gives  the  decrease  of  flight/span  /, 
since  on  valae  /  depend  both  the  force  of  f'3>,  and  noaent/torque  w. 
Consequently,  Decrease  of  l  is  possible  in  all  cases  when  this 

is  allowed/assuaed  by  the  construction/design  of  distributor,  it  is 
logical  that  the  decrease  of  /  entails  an  increase  in  the  number  of 
stand-off  insulators.  The  in  practice  used  distances  between  phases 
and  the  flights/spans  between  insulators  in  different  distributors 
see  Tol.  2. 

Daring  design  frequently  there  is  expedient  to  determine 
eaxinally  possible  flight/spaa  /mjkc  according  to  the  condition  of  the 
aechanical  strength  of  busbars*  For  this  preliminarily  select 
saterisl,  sises/disensions  and  section  the  busbars,  are  assigned  by 
value  o  ,  take  the  outline  of  the  mutual  location  of  busbars,  value 
distances  a  between  then  they  deteraine  their  nonent  of  resistance  v. 


The  force  of  interaction  between  phases  on  1  ca  of  the  length  of 
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busbar  caa  b«  determined  by  for  a  ala  (10-5)  ,  after  assuming  in  it  /  =  1 
cn; 

A»»  ( U 

l=\,76-~  10-'  l Kr/CM].  (10-10) 

Ray:  (1)  kg/cm. 


Oa  tha  basis  of  foraulas  (10-7),  (10-8)  and  (10-10)  it  is 
possible  to  coaposa  tha  following  two  equations  (with  a  number  of 
flights/spaas  three  and  aore) : 


F<*U 

W  ‘Mine 

M=—io— 


//* 

=  'l*™  o 

10  ■Ba 


M 

IT* 


joist  solution  of  which  gives  for a ala  for  deter mining  the  maximum  span 
between  insulators:  ,  /i0o.„„ir 

/-.«««=  |/  -f1-.  (10-11) 

Analogously  with  one  or  two  flights/spans  the  maximum  value  of 
flight/apan  aust  not  exceed 

The  aechanical  calculation  of  aultiline  busbars  becomes 
complicated  by  the  fact  that  each  band  of  packet  is  bent  under  the 
action  of  two  forces:  the  force  of  interaction  between  phases  and 
force  of  iateraction  between  this  band  and  adjacent  bands  of  th°  same 
packet*  la  this  caae  daaiga  voltage  of  the  material  of  the  busbar: 

V«==0*+0». 

vhere  o*  -  voltage  of  tha  aatsrial  of  busbar  from  curvature  under  the 
action  of  tha  force  of  iateraction  between  the  phases;  «a - 


the  same 
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endec  the  act loo  of  the  fore*  of  interaction  of  the  bands  of  one 
packet* 


•  ••  •  •  •  t  * . •«  *e**  ♦- 
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The  distance  between  the  oands  of  packet  is  saall;  therefore  the 
force  of  interaction  of  the  sands  of  one  packet  and  the  voltage  of 
■aterial  o„  is  usually  great.  For  decrease  sn  between  the  bands  of 
packet  are  placed  metallic  separators  (Pig.  10-4) ,  the  distance 
between  which  is  calculated  of  busbars  to  mechanical  strength.  "|he 
freguent  location  of  separators  is  undesirable  as  a  result  of 
deterioration  in  cooling  ousoars,  nigh  expenditure/consuaption  of 
metal  and  complication  of  mounting. 


The  aechanical  calculation  of  busbar/tire  construction/design 
with  two-band  and  busbars  is  begun  ,froa  determination  v  The  order 


of  determination  «,b  the  same  as 


the  case  of  single-band 


busbars.  Recording  to  foraula  (10-b)  is  deterained  the  force  of 
interaction  between  phases  and  then  by  formula  (10-6)  or  (10-7) 

bending  aoaent  applied  to  packet. 


The  aodulus  of  section  of  two-band  packet  depends  on  the  mutual 


location  of  busbars  and  is  determined  froa  one  of  the  following 
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formulas: 

during  location  on  fig.  1d-ia  and  1G-5b 

ih * 

r  ~  2-  -5-  -  0.333 t>h'.  (10-12.  a) 

during  location  on  Fig.  lu-5c  and  in  the  absence  of  the  rigid 
connection  of  the  bands  between  themselves 

b*h  1 

V  -  2-  -g-  -  0333 b'hi  (10-I2.f) 


during  the  sane  location  on  Fig.  10-5c,  but  with  the  rigid 
connection  of  the  bands  of  packet,  that  eliminates  their  nutual 
longitudinal  displacement  and  ensuring  joint  operation  then  as  the 

elements/cells  of  conposite/conpound  (spliced)  bean/gully* 

<L- 

V  —  l.Ub'h.  (10-12.4) 

POOTNOTE  *.  The  nonent  of  inertia  with  respect  to  axis  y-y  (Pig. 
10-5c)  packet  of  two  spliced  rectangular  busbars  by  size/dinension 
bxh  each  with  distance  of  b  between  them  is  equal  to: 

(3 b)‘h  —  b*h  2(5  b>h 

Jf”  12  “  12  * 


EKDPOOTMOTE. 


Modulus  of  section  of  the  spliced  bean/gully  of  the  sane 
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relative  axis  y-ys 


05-(3*J 


26  b>h 


Then  is  determined  the  voltage  of  the  material: 


V 


~W 


(10-13) 


For  determination  «„  they  first  calculate  the  force  of 
interaction  of  the  bands  of  jacket  on  1  cm  of  their  length,  using 
formula  (7-1),  after  assuming  in  it  /  =  i  cm  and  a*2b  (see  Fig.  10-2b, 
and  10-4): 

/„  =  2.04*+  (0.5,;3iF  _-0o6av«»  ~\Kr/cM\. 

<0 

(10-14) 


(i)  Jyjr' 

The  distance  between  tne  bands  of  packet  is  small;  therefore 
here  the  factor  of  the  form  of  ousbar  to  consider  compulsorily.  Are 
determined  it  by  of  the  curves  of  Fig.  7-2. 


The  maximum  bending  moment  from  action  forces  /„  determine  from 
formula  for  beams/gullies  with  tne  evenly  distributed  load  and  the 
pinched  ends/leads: 

/  /* 

'W.-TT'  <l0-,5> 

where  /„  -  a  distance  between  centers  of  separators,  see 


The  modulus  of  section  in  this  case  is  determined  from  the 
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Mjanumop  (1) 

Fig.  10-4.  Arrange ae nt/positioa  of  the  separators  between  the  bands 
of  the  packet  of  busbars. 


Key:  (1).  separators.  (2).  insulator. 


a>  d) 


Fig.  10-5.  Different  cases  of  location  of  packets  of  busbars. 


a-c  -  packets  of  the  flat/plaue  busbars;  d-e  -  packets  of  box 
busbars. 


Page  173 


DOC  =  79134811  PAGE  01 


If  condition  (10-17)  is  not  satisfied  as  a  resalt  of  exaggerated 
a„,  then  is  determined  a  maximally  possible  distance  between 
separators  Are  assigned  *xou  and,  knowing  « ^  they  determine 

®H  .V>H  ^ MOII  *$• 


Being  guided  by  formulas  (10-15)  and  (10-16),  it  is  possible  to 
write: 


tnii 


n  n  MaKC 


J2 


—  3  tt7 

II  .1011  II* 


whence 


/|‘jo  W 

/„ 


(10  18) 


The  calculation  of  three-naad  busbars  is  given  in  [6-1  and  7-2]. 

The  mechanical  calculation  of  busbar/tire  construction/design 
from  box  busbars  also  consists  in  aeter  min  at  ion  «»,,  -f,#.  For 

determination  they  use  formulas  (10-5),  (10-6)  or  (10-7)  and 
(10-13).  The  entering  the  iatter/last  formula  modulus  of  section  of 
packet  of  two  box  busbars  tney  taxa  as  the  equal  to: 


during  location  on  Fig.  10-5d 


r-  2vg. 


(1 0-1 9,  a) 
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during  location  on  fig.  10-5e  and  in  the  absence  of  the  rigid 

connection  of  the  box  busbars  of  packetbetween  themselves 

r  -=  2  try  (10-19J) 

during  the  sane  location  on  Fig.  10-5e,  but  with  the  rigid 
connect' on  of  the  box  busoars  of  packet,  which  ensures  their  cosbined 
work  as  the  eleaents/cells  of  spliced  beaa, 

tLs 

V  «=  (10-19,4) 

where  vM  and  vy  -  moduli  of  section  of  box  busbars  of  relatively 
principal  axes  of  inertia  with  respect  x-x  and  y-y. 

v ^  -  moment  of  resistance  of  packet  of  two  rigidly  connected  box 
busbars  relative  to  the  inertia  axis  of  packet  yo-y0. 

The  values  of  values  vx,  vy  and  are  given  in  table  P-10.4. 

For  determining  the  voltage  of  material  from  interaction  of  the 
busbars  of  one  phase  oB  it  is  necessary  to,  first  of  all,  determine 
the  force  of  interaction  between  them  /„.  A  precise  computation  of 
valae  /„  with  the  box  busoars  of  sufficient  is  complicated  and  it  is 
labor-consuming  [10-2].  At  the  same  time  in  practical  calculations 
with  sufficient  accuracy  it  is  possible  to  determine  l„  by  formula 
(10-14),  after  placing  in  it  a^  ■=  i  and  having  simultaneously  accepted 
for  the  calculated  distance  between  box  busbars  2b=h,  i.e..  The 
distance  between  the  external  faces  of  box  busbars  (Fig.  10-lj)f) 
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[10-3].  Under  these  conditions: 

.  <1  io—*  .  io-»  0 } 

/.«  2,0-1  (0,5^V— *-  r  [ Kr/CM ].  (10-20) 

Key:  (1).  kgf/cm. 

Purther  they  determine  .u„  by  foraula  (10-15),  and  then  «„ 
according  to  foraula  (10-lb),  after  accepting  in  it  the  aodulus  of 
section  of  box  busbar  relative  to  axis  y-y  (Fig.  10-  i.e., 

\>/^V'y  (see  table  P-10.4). 

As  a  result  of  calculations  must  be  carried  out  condition 

(10-17)  . 

If  necessary  the  naxiaum  permissible  distance  between  the 
separators  of  the  busbars  of  one  puase  can  be  determined  by  formula 
(10-18),  substituting  in  it  w„=^  w  y. 

The  mechanical  calculation  of  busbars  during  the  location  of 
phases  according  to  the  apexes/vertexes  of  triangle  is  presented  in 
[10-2  ]. 


The  bare  stranded  wires,  fastened  on  suspension  insulators  in 
installations  35  kV  it  is  above,  are  checked  against  mechanical 
strength  just  as  wires  of  electric  power  lines  taking  into  account 
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the  dead  weight  of  wires,  weight  oi  ice-covered  surface,  wind 
pressure  [7-1]. 

Example  of  10-1.  To  select  busbars  in  the  circuit  of  the 
waste/exiting  cable  line  oy  tne  voltage  10  kV,  that  feeds  substation 
on  diagram  in  Pig.  8-3fc.  Load  or  tne  sections  of  substation  St=S2=2.9 
NVA.  Sectionalizing  switch  XV  it  is  normally  disconnected .  With 
emergency  disconnection  or  one  of  the  lines  the  switch  SV  is  included 
automatically  and  both  sections  tne  pin  of  substation  are  supplied  by 
one  line.  Demand  time  of  a  peax  load  of  substation  r->1[C-4000  h. 

Short-circuit  currents  during  closing/shorting  in  the  beginning 

of  the  cable  of  the  waste/exiting  line: 

(,)  u)  ■  CP 

/"<»»=  27  tea;  /£’  =  13  *o;  /£’—  16,5  jca. 

Key :  ( 1)  .  kA. 

Time  of  triggering  of  relaying  of  waste/exiting  line  /ijum-i.35 
s,  tripping  time  of  switch  /,-o.is  s. 

In  the  construction/design  of  the  distributor  of  busbar  accepted 
are  arranged/located  on  the  outline  of  Pig.  10- 3b  with  /-o.8  n  and 
a=25  cm,  in  this  case  in  the  individual  sections  of  the  busbars 
between  apparatuses  a  numoer  of  flights/spans  one  or  two. 
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Busbars  are  aluminum.  Temperature  of  air  of  25°C. 


Selection  of  the  section  or  nusbar  on  economic  current  density, 
the  current  of  the  normal  load  of  line  (busbar) : 


S,  2  900 


V3U  y  j  -jo 


167  ^ 


A 


On  Table  10-1  with  TutKC  «>  4  000  a  we  find  /„  =  •,!  A/mm*,  then 


167 
i.i  ' 


152  JLK1. 


On 


Ta  ble  P-10.1  we  accept  the  aluminum  busbar  of  the  nearest 


section  40»4=160  mm*  with  tae  long  let-go  current  of  load  /,on  —  M0  A. 


checking  busbar  to  the  maximum  prolonged  current  of  load.  Kith 

emergency  cutoff /disconnection  of  one  of  the  lines  (Pig.  8-3b)  the 

l 

second  is  loaded  by  doubly  high  current  / _ ~2-i67**3H  r>. 


Page  174. 


Since  /.i„„ > /„ Mlk<;.  then  the  temperature  of  busbar  will  be  less 

i»M ;o*c 


/? 

■  h  *»  r 


X 


ini 


busbar  to  tnermai  stability  during  short  circuit. 


•  I  r  ■* 


t  1)1 


busbar  with  peak  load  we 
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determine  froa  formula  (7-16): 


®«  “  ®«  +  (#Aon  -  «.)  = 

'aou 

33-1* 

-25  +  {70-25)^^50-0. 


'fhe  estimated  tiae  of  the  action  of  short-circuit  current: 


t  «  <itm  +  /,  ■=  1.35  +  0,15  -  1.5  cck. 


Key:  (1)  .  s. 


Aperiodic  coaponent/ter a  short-circuit  current  is  not 
considered,  since  t> 1  s. 


during  the  three-phase  short  circuit: 


'"<3)  27 


e 


Through  of  the  curves  of  fig.  7-6  we  find  — 2,1  s,  then 


'«***’“•  »3*-2,l  =  355  Ka'-eeK. 


Key:  (1)  .  kA2*s. 


during  the  two-phase  short  circuit: 

p  /(*)  165 


Through  of  the  curves  of  fig.  7-6  we  find  <£'=4:1,5  s,  then  the 

.  ay 

/«<*'“  16,5*.  1,5  =e  410  Ka'-ctK. 


current 
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Key:  (1).  kA**s. 

Consequently,  to  tiie  thermal  resistance  of  busbar  it  is 
necessary  to  check  during  two- phase  short  circuit. 


then 


When  •„ «=  so* c  on  curve  for  aluminum  on  Fig.  7-7  we  find: 

A.  =6  0,4.10*, 

ftebooV 

+  {S)  •  1,5  s=  2,0- 10*. 


Through  the  curve  of  Fig.  7-7  we  find  #Ks=325*c.  Since  for 
aluminum  busbars  #«  „aM:  —  200* c.  then  the  selected  busbar  is  thermally 
unstable. 


Let  us  determine  the  minimum  section  of  the  busbar,  stable 
during  shorting. 


When  =  200*  c  through  the  curve 

W  -  '.as- l0*.  then  -  *.,=(  1.35-0.4)-  io*~  0. 

formula  (7-14) : 


-  16  600 


k/ZTa 

¥  0,»5- 


t. 


<t) 


K.imic  do 
5 

I0‘ 


210 


of  Fig. 
9  5* 1 Q4 , 


7-7  we  find 
also,  according  to 
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and  according  to  siaplified  formula  (7-15): 

16  500 

~c~vl*  “  So  Kl.5  =  220  ***. 

Taking  into  account  that  during  the  replacement  of  busbar  40*4 
mm2  to  the  busbar  of  larger  section  its  teaperature  to  short  circuit 
will  be  below  normal,  should  he  to  avoid  overexpenditure  of  aluainua 
checked  the  possibility  of  the  selection  of  the  busbar  of  saaller 
section,  i.e.,  40*5=200  aa2  when  lMoa*=S40  A  (*?Tble  P-10.1).  Check  this 
busbar  for  heating  by  snort-circuit  current: 

334* 

•„  «=  25  +  45-  -pgr  40“  C;  0.3- 10\ 

/IG500\» 

>1^  0.3- 10*  -f-  ( — 2oO~  )  -I-SsbI.SIO*  h  •„  =s  180“  C, 

which  for  aluainua  busbars  is  admissible. 

Checking  busbar  to  mechanical  strength. 

Impact  short-circuit  current: 

ly  m.  Ifi  V  Jr  -  2,55.27  as  69  *o. 

Key:  (1) .  kA. 

Effort  for  average/aean  phase  according  to  formula  (10-5): 

F  -  l,76i*  10- •  .  1 ,76-69*. !9  .J0-*  -208 


Key:  ( 1)  .  kgf 
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The  aoaent/torque ,  which  bends  busbar,  we  deteraine  froa  foraula 


(10-6) 


„  ft  _  268-80  0> 

M  —  -g  — g —  —  2  680  k  C cm. 


Key:  (1) .  kgf  ca. 


Modulus  of  section  of  the  busbar: 


Mi  0,5 -4* 

r  -  -  1.33  CM> 


Voltage  of  the  material  of  the  busbar: 


M  2680 


0  ) 


“W  “*  T33  55  2  000  Kr  A**. 


Key:  (1)  .  kgf/cra2. 


what  considerably  exceeds  «*„  —  700  kgf/ca2  for  aluainua  busbars. 

If  according  to  structurai/design  conditions  in  the  distributor 
accepted  it  is  not  possible  to  change  value  i  and  a,  then  it  is 
necessary  to  select  the  busbar  or  larger  section. 


According  to  foraula  (10-8): 


M 

So. 


2  680 


-  1W  -  3’83  CM>- 


Thus,  aust  be  selected  the  busbar  for  which  8=bh*/6^3. 83  ca9. 
Being  guided  these”Table  P  10.1,  we  find  that  by  the  nearest  busbar. 


DOC  =  79134811 


PAGE 


yd 

which  satisfies  this  condition,  is  the  aluainua  busbar  section  80*6 
■a 2  when  /4«,“‘1S0a- 

The  insulators  of  busbar/tire  construction/design  we  select, 
being  guided  by  indications  §9-5  and  data  ofTTable  P-9. 

He  select  stand-off  insulators  for  internal  installation  to 
voltage  10  kV  of  the  type  OB-10  which  allow/assuae  load 

—  0.6-750=* <50  kgf,  which  is  lass  than  the  calculated  effort/force  to 
insulator  P=268  of  kgf. 

Page  175. 

Altitude  correction  of  ousoar  we  do  not  make,  since  busbar 
lies/rests  prone  on  insulator. 

Hall  entrance  insulator  is  selected  type  Pa- 10  on  400A,  since 

.Hf  f 

^Aon  *—  -23  yfr  FpttH  *=  .j; - 134  kgf. 

If  the  construction/design  of  distributor  allows,  then  it  is 
possible  to  decrease  the  distance  between  insulators,  i.e. ,  the 
flight/span  between  the  attachaent  points  of  busbars.  Being  guided  by 
fornulas  (10-11)  and  (10-lla),  let  us  find  that  with  selected 
according  to  the  conditions  of  noraal  node  aluainua  busbar  40x4  an 
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and  with  a=25  ca  the  great  distance  between  insulators  along  the 
length  of  busbar  aust  not  exceed: 


for  the  sections  or  busoars  with  one  and  two  flights/spans 


i 


Matte 


8-700.  1,33 
3,35 


<7  CM. 


but  for  the  sections  of  tusoars  with  three  and  by  a  large  nuaber  of 
flights/spans 


where 


10-700. 1,33 

M»KC  —  y  3,35  ^ 53  c-"> 

F  263  *0 

I  =  -j  “  "So  =3«35  *r !cm- 


Key:  (1)  .  Icgf/ca. 


In  the  necessary  casss  change  both  the  sizes/diaensions  of 
busbar/tire  construction/design  /  and  a  and  section  the  busbars, 
attaining  the  creation  of  most  econoaical  ccnstruction/design. 

Exaaple  of  10*2.  To  select  busbars  and  insulators  of  busbar  in 
the  circuit  of  the  generator  with  a  power  of  37.5  HVA.  Busbar 
partially  is  passed  to  the  condensation  location  of  aachine  rooa  and 
partially  in  the  open  air  between  the  aachine  rooa  and  the 
distributor  of  generator  voltage,  hoainal  voltage  of  installation  10 
lc?.  Short-circuit  currents  during  closing/shorting  in  the  circuit  of 
the  generator: 
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/*>- 85  ?ai  /*'*»»-=  32  ?a  ;  /<*>-  23  Sa  (/•»*>/<?). 


Key:  (1)  .  kA. 

Deaand  tine  of  a  peak  load  foe  generator  7'Haite—6500  h. 

Triggering  time  of  relaying  of  generator  <MU(«o.i  a,  tripping  tiae 
of  switch  in  the  circuit  of  generator  /,*=o.2  a. 

Location  of  busbars  to  accept  on  outline  in  Pig.  10-5b,  with 
/*=i.s  a  and  a  =  0.7  a. 

Busbars  are  aluainua.  Temperature  of  air  of  25°C. 

Selection  of  the  section  or  ousbar  on  economic  current  density. 

The  rated  current  of  the  generator 

.  37,5  x  a 

^.•oii  “  “2,064- 

On  Table  10.1  with  rM,KC-  6  500  h  we  accept  /.„*»  1  A/mm*,  then 
s=2060/1 *2060  am*. 

On  table  P-10.1  we  accept  two-band  busbar  2*  ( 100*10)  *2000 
dhen  / Aoa  “  2 b6o  £  fit 


Checking  busbars  to  the  aaxiaua  prolonged  current  of  load.  The 
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greatest  prolonged  current  of  the  load  of  generator  —2J6  IcA 

the  less  long  let-go  current  of  the  load  of  the  selected  packet  of 
busbars;  therefore  the  teaperature  of  busbars  will  be  less  tAM»70‘‘C. 

Checking  busbars  to  tnersal  stability.  Teaperature  of  busbar  to 

9  |  G'J* 

short  circuit  o,,  =.  25  +  =5o«c. 

The  estiaated  tine  of  the  action  of  short-circuit  current: 
t«0. 1*0.  2=0.  3  s. 

He  deteraine  the  fictitious  tine  of  action  of  short-circuit 

current  taking  into  account  aperiodic  component/tern,  since  t<1  s: 

32  6> 

r  *=  23  as  1.4;  0.4  ccic. 

<D 

tp*  *=  O.05?'1  =  0.45-  M*  =5=  cck; 

“  V«  +  V*  =  0,5  ce*® 

Key:  (1).  s. 

He  further  use  curve  for  aluainua  in  Fig.  7-7:  am  =  038-io*; 

(23  ooo \» 

-Jourj  -0,5  a:  0.39- 10», 


with  which  •„=&#„. 


Using  the  case,  let  us  note  tnat  the  calculated  for  large 
operating  currents  current-carrying  parts  of  the  sain  chains  of 
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electrical  stations  and  substations  (generators,  powerful/thick 
step-up  and  step-down  transtoraers,  collecting  sains,  etc.)  are 
usually  they  are  theracstable  during  short  circuits,  especially 
during  use  in  these  circuits  at  high  speed  relayings. 

Checking  busbars  to  aechanicai  strength.  Force  of  interaction 
between  the  phases: 

150 

f  1 ,76- 85* •  -yg-- 10-'  ■  274  »r. 


Key:  (1).  kgf. 


Bending  aoaent  according  to  formula  (10-7) 


..  FI  274  150  . 

m  ~T5  "■ — re - 410°  cm. 


Key;  (1)  .  kg -jcn. 


Hosent  of  resistance  according  to  foraula  (10- 12a): 
r  -  0,33344*  -  0,333- 10*  —  313  cm'. 

Key :  ( 1)  .  ciJ. 

Voltage  of  naterial  froa  interaction  between  the  phases: 


4  100  (l) 

*4“  33j  “  123  *r/c  **. 


Key:  (1).  kgf/ca* 
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Let  us  determine  a  Quebec  ot  separators  between  the  bands  of 
packet  and  a  distance  between  then.  Let  us  accept  for  aluainua 
busbars  7oo  kgf/ca*,  then  »M0.  =  «A0n  -c^-700-123  =577  kgf/ca*. 


The  factor  of  the  fora  of  busbar  is  determined  on  of  the  curves 
of  Fig.  7-2: 

*  _  10  „ .  a—h  2b  —  b  10 

"'~‘h  100*=°-,>  b~+h  "  ~b+k  “HO  “°-09'* 

=  0.42. 


(rorce  of  interaction  netween  the  bands  of  packet  on  1  ca  of  the 

length  of  busbar  according  to  foraula  (10-14): 

,  10— 

/„  =  0.26 **<’  —  -  0,26- 0,42- 85* •  10-  -  7.9  ^/cm. 

Key:  (1).  kgf/cn. 


Page  176. 


^  maximally  possible  distance  between  separators  we  determine 
from  foraula  (10-18): 


V  ‘  7.070  ; 


:  38  CM. 


Since  the  flight/span  between  insulators  is  accepted  /  by  150 


ca,  then  the  separators  between  the  rhodes  of  packet  aust  be 
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established/installed  througn  every  37.5  cm,  counting  between  their 
axes:  in  the  places  of  the  attachnent  of  packet  on  insulators  and 
three  additional  separators  in  the  flight/span  between  insulators. 

Selection  of  insulators.  For  a  busbar  of  the  type  OB-10  on 
noainal  voltage  10  kV,  peraissiole  load  /lu„^-43o  the  kgf  (see  table 
P-9),  that  the  less  specific  aoove  force  of  interaction  between 
phases  P=27«  of  kgf. 

For  the  external  part  ot  the  ousbar  we  select  bolt 
supporting/reference  insulators  or  the  type  shN-10  to  voltage  10  kV 
and  r,ofl-=30o  kgf. 

For  the  output  of  ousuar'  troa  machine  rooi  and  distributor  we 
select  linear  conclusions  ot  .«  type  pwv-20/3000  to  voltage  20  k?, 
Roainal  current  3000  4  ***  kgf  (to  voltage  10  kV  linear 

conclusion/output  are  aanutactuieu  to  rated  currents  to  2000  A 
inclusively,  and  in  our  case  of  2160  A). 

Exaaple  of  10-3.  Select  collecting  aains  by  the  voltage  10  kV  of 
powerful/thick  power  plant.  Xae  aaxiaua  current  of  the  load  of 
collecting  aains  cob  poses  *A.  Iapact  short-circuit  current 

iy=  170  kA.  The  phases  of  collecting  aains  are  located  in  horizontal 
plane  with  i  —  r.«)  ca  and  a=75  cm. 


1 
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Busbars  are  aluainua.  Temperature  of  air  of  25°C. 

The  section  of  collecting  mams  by  econoaical  current  density 
they  do  not  select;  therefore  we  select  the  section  of  busbars  on  the 
aaxiaua  current  of  load. 

On"Table  P  10.1  it  is  possible  to  select  packet  of  four  aluainua 
busbars  by  the  size/diaension  120x10  of  na,  by  total  cross-sectional 
area  to  phase  4*1200=4800  am*  witn  /,oo-'4,»0  *• 

On "Table  P-10.4  it  is  possible  to  select  two  box  busbars  to 
phase  with  the  sizes/diaensious  of  sides  125  an  and  55  aa,  thickness 
of  6.5  ii,  by  total  cross-sectional  area  to  phase  2*1370=2740  aa* 

with  4  640  k. 

Is  coapletely  obvious  the  act visabil ity  of  the  selection  of  box 
busbars. 

The  busbars  of  large  crosa  sections,  as  noted  above,  are  usually 
theraostable;  therefore  we  will  oe  restricted  to  checking  busbars  to 
aechanical  strength.  The  location  of  box  busbars  let  us  accept  on  the 
outline  of  Pig.  10-5e. 
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According  to  foraula  (10-3): 


120 


cn 


/«=  i.7a.i7o*. .io-*r=6;o  K r. 


Key:  (1)  .  kgf . 


According  to  foraula  (10-7) 


810-120 


CD 


M  ■=  — —  9  750  kT cm. 


Key:  (1)  .  kg-ca. 


&  us  assume  that  tae  do x  busbars  between  themselves  are  not 
rigidly  connected,  then  the  modulus  of  section  of  packet  is 
determined  according  tc  formula  (1Q-19b): 

W  =  2Wy=*  2-9.5  =19  CM', 


where  \py  — 9,s  cm3  is  undertaken  on 
busbar  with  h=125  *%• 


table  p-10.4  for  the  selected 


According  to  foraula  (10-8): 

9  750  01 

"$=“  fi}‘~  =510  kT/cm *. 


Key:  (1).  kgf/cra2 
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According  to  formula  (10-20): 


/. 


0.5J.  -nrs-IO-'- 
•  Pi 
»=ii3  tcr/cM. 


Key:  (1).  kgf/ca. 


Hhen  700-5 10=1 90  kyf/cm*  and  VB  —  vy  =  9,5  ca3  the  great  possible 

distance  between  centers  of  separators  according  to  foraula  (10-18) 
will  coaprise: 


,  y/l2.|90-9,S 

'«.«•«*=  y  1,3 


:  43  cm. 


Since  /=.  120  cm,  the  distance  oetween  centers  of  separators  we 
accept  40  cm. 


In  the  case  of  the  rigid  connection  of  busbars  in  packet  during 
determination  *4,  one  should  accept  according  to  foraula  (10-19c) 
v  =  n^,=  ioo  cm  3  (see  table  P-10.4),  then: 


9  750  to 
*♦  “  1®"  ^  97  *rf CM'i 


Q> 


•«.*oq  -  700  -  97  -  603  Kr/cM'; 
,  t/ 12-603-93 

i.m«k  *“  y  ^76  cm. 


Key:  (1).  kgf/ca2. 


i. e.  in  the  flight/span  between  the  insulators  of  sufficient  busbar 
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to  connect  by  one  plank  as  this  is  shown  in  Pig.  10-6.  Plancks 
fulfill  froa  the  sane  aatenal,  as  busbar.  Plancks  weld  on  to  box 
busbars,  aoreover  in  the  flight/span  between  insulators  eust  be  not 
less  than  three  planks  (Fig.  10-6).  Extreae  planks  should  be  welded 
on  as  near  as  possible  to  stanu-off  insulators. 

From  that  presented  it  is  clear  that  the  connection  of  busbars 
with  planks  leads  to  decrease  notn  and  %. 

The  calculation  of  planks  is  given  in  [10-2]. 

For  the  calculated  aoove  collecting  aains  should  be  used  the 
stand-off  insulators  of  tne  type  oz  the  OD-10  when  1200  kgf. 
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Fig.  10-6.  Arrangement/position  of  the  planks,  welded  on  to  bo* 
busbars. 

Key:  (1).  To  weld  on.  (2).  Plates.  (3).  insulators.  (4).  Axes  are 
supporting/reference  I.  (5).  busbar  holder. 

10.3.  Attachnent  of  busbars  on  insulators.  Coloration  of  busbars. 

Attachaent  of  busbars  on  stand-off  insulators.  The  busbars  of 


rectangular  and  box  section  are  secured  on  stand-off  insulators  with 
the  aid  of  busbar  holders  (Fig.  10-7).  in  the  installations  of 
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alternating  current  the  steel  parts  of  busbar  holder  are  heated  by 
eddy  currents,  also,  as  a  result  or  hysteresis.  For  decreasing  this 
heating,  which  is  especially  important  with  the  large  operating 
currents  (1-1.5  kA  and  aore)  ,  is  fulfilled  the  upper  plank  of  busbar 
holder  froa  nonaagnetic  aaterral  -  froa  non-aagnetic  cast  iron  or 
fron  copper  with  copper  busbars  and  froa  aluainua  with  aluninua 
busbars.  For  the  sane  targets  soaetiaes  they  insulate  by  separators 
froa  insulating  cardboard  of  tne  part  of  busbar  holder. 

Circular  busbars  are  tastened  on  stand-off  insulators  with  the 
aid  of  clanps. 

Patch  cords  attach  to  string  insulator  with  the  aid  of  special 
terainal s/grippers. 

On  those  stand-off  insulators  on  which  aust  be  provided  the  free 
longitudinal  travel  of  busoar  witn  a  change  in  its  teaperature  of 
heating  (see  above),  between  the  busbar  and  upper  plank  of  busbar 
holder  5  aust  be  saall  gap,  approxiaately/exeaplarily  1.5-2  aa.  Is 
reached  this  with  the  aid  of  spacing  tubes  with  4,  put  on  to  pins  6 
or  bolts  of  8  busbar  holders. 

In  the  rectangular  sections  of  busbars  long  than  20  a  with 
aluainua  and  aore  than  J0-J5  a  witn  copper  becaae  are 
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established/installed  the  coapensators  of  the  elongation  of  busbars 
(Pig.  10-8) ,  which  are  of  the  series/row  of  the  strips  in  thickness 
0.2-05  aa  of  the  saae  aaterial,  as  busbar,  in  the  quantity,  which 
corresponds  to  the  section  of  busoar.  With  busbars  in  thickness  to  8 
an  are  applied  also  the  coapensators,  prepared  via  the  U-shaped 
curvature  of  busbar  itself. 

Xn  the  saall  sections  of  busbars  (between  apparatuses,  between 
the  apparatus  and  wall  entrance  insulator,  etc.)  for  the  coapensation 
for  elonqation  the  busbars  fulfill  special  curvatures  of  tire  (Pig. 
10-9a,  b)  or  establish  flexible  aeabers  (Pig.  10-9c),  and  with  the 
large  cross  section  of  ousbars  -  coapensators.  These 
devices/equipment  decrease  the  effort/force,  transaitted  to 
terainal/gripper  and  insulator  of  apparatus  during  the  teaperature 
elongations  of  busbar. 


DOC  *  79134811 


PAGK 


Fig.  10-7.  Attachment  of  aluminum  busbars  on  stand-off  insulators,  a) 
the  single-band  busbar;  b)  packet  of  three  bands;  c)  packet  of  two 
busbars  of  box  section.  1  -  busDar;  2  -  steel  plank;  3  - 
screw/propeller;  4  -  distance  steel  tube;  5  -  aluminum  plank;  6  - 
pin,  screwed  into  plank  2;  7  -  insulator;  8  -  bolt;  9  -  spacer. 


Fig.  10-8.  Busbar/tire  compensator  of  semicircular  form.  1  - 
compensator;  2  -  busbar;  J  -  tne  stand-off  insulator;  4  -  bolts  for 
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the  attachaent  of  the  coapensator;  5  -  washer;  6  -  backing/block ;  7 
cover  plate,  fixed  by  screws/propellers  to  the  cap/hood  of  the 
insulator;  8  -  bolts  for  the  attachaent  of  busbars  (in  the  cover 
plate  of  7  bolt  holes  8  circular,  according  to  the  diaaeter  of  bolts 
but  in  the  busbars  of  2  opening  s/apertures  oval  for  the  free 
displaceaent/aoveaen t  of  the  busbars;  bolts  8  they  are  not 
involved/tightened) . 


Pig.  10-9  exanples  of  the  connection  of  rigid  busbars  to  the 
introductions/inputs  of  apparatuses,  a  and  b)  curvature  of  tire 
before  the  introduction/input;  c)  the  installation  before  the 
introduction/input  of  the  separate  coapensator;  1  -  insulator  of  the 
apparatus;  2  -  (introduction/iaput)  the  busbar;  3  -  coapensator. 

Key:  (1)  Axis  of  the  first  support  insulator. 
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Coloration  of  busbars.  Tne  coloration  of  busbars,  as  noted 
earlier,  sonewhat  increases  beat  eaission  into  the  environment,  which 
increases  the  let-go  current  of  load  on  busbars.  The  coloration  of 
steel  busbars  prevents/warns  their  corrosion.  Taking  into  account 
this,  entire  rigid  busbars  they  tincture  with  enaael  paints.  At  the 
sane  tiae  for  facilitation  the  orientations  of  personnel  apply  the 
colored  coloration  of  busbars  with  the  paints/colors  of  following 
colors  [  1  0-4  ]. 

Direct  current: 

the  busbar  of  positive  pole  -  red; 

the  busbar  of  negative  pole  -  blue. 

Three-phase  current: 

the  busbar  of  phase  A  -  yellow; 

the  busbar  of  phase  B  -  green; 


the  busbar  of  phase  C  -  red 
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Zero  busbars: 

with  the  ungrounded  neutral  -  white; 

with  grounded  neutral  -  violet. 

is  opened  the  laid  grounding  conductors,  and  also  all 
constructions/designs,  wires  and  bands  of  the  network  of  grounding  - 
violet. 

Stranded  patch  cords  they  do  not  tincture,  since  a  change  in 
their  sagging  with  a  change  in  the  heating  teaperature  leads  to  the 
decoeposition  of  paint  coat.  For  facilitating  the  discriaination  of 
phases  should  be  applied  the  colored  coloration  of  the  armature  of 
string  insulators. 

The  walls  of  locations  tincture  in  tints,  and  the  aetal 
constructions  into  gray  ones,  Dlacus,  etc.  of  color  against  the 
background  of  which  the  distinctive  coloration  of  busbars  distinctly 
is  separated/liberated  how  is  provided  the  greater  safety  of 
servicing  distributing  devices/egurpment . 
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Chapter  eleven. 


POSER  CABLES. 

11.1.  Types  of  cables  and  their  use/application. 

On  electrical  stations  and  suostations  power  cables  apply  for 
the  connection  of  generators  and  transformers  with  distributors,  for 
supply  the  feeds  to  the  electric  motors  of  their  own  needs,  etc.  The 
outputs  of  lines  by  the  voltage  6-10  kV  of  electrical  stations  and 
powerful/thick  substations  ireguently  fulfill  by  cables,  also,  when 
external  network  is  carried  out  air.  In  certain  cases  find  a  use  the 
cables  by  voltage  35  kV  and  aoove. 

In  the  three-wire  installations  of  three-phase  current  are 
applied  triple-cores  cable  with  the  copper  and  aluminum 
veins/strands,  comprised  of  a  large  number  of  wires  of  a  snail 
section  (for  imparting  to  caole  tne  flexibility). 

In  the  form  of  an  example  Pig.  11-1  shows  the  device/equipment 
of  that  of  very  propagated  on  electrical  stations  and  substations  of 
triple-core  cable  of  brand  SBG  with  copper  veins/st. ands  with  the 
paper  saturated  insulation  in  lead  covering  (S),  armored  (B)  ,  without 
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external  deposit  above  armor  (G  -  bare) . 

To  veins/strands  1  is  attacned  sectional  sold  for  decreasing 
outer  diameter  of  cable  how  is  acnieved  the  decrease  of  the 
expenditure  of  insulation  and  aetal  for  its  external  shielding 
deposits. 

tlith  round  veins/strands  are  prepared  the  cables  fro*  1  to  6  kv 
by  section  to  16  bib2  and  cables  by  voltage  20  and  35  kV. 

Each  cable  core  is  isoiated/insulated  by  cable  paper  2, 
saturated  with  insulating  compound.  Around  isolated/insulated  and 
together  those  twisted  cores  superimposed  zonal  insulation  4,  also 
from  the  saturated  cable  paper,  wnich  is  the  supplementary  isolation 
of  veins/strands  from  grounded  lead  covering  5.  Intervals  between 
veins/strands  and  zonal  insulation  are  filled  with  yarn  3. 

Above  zonal  insulation  tne  cable  is  pressed  by  lead  covering  5, 
which  shields  isolation  from  moisture  and  not  allowing/assuming  the 
efflux  of  impregnating  composition. 
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Fig.  11.1.  Triple-core 
SBG.  1  -  current-carry 
(insulation  of  core)  ; 
cable  paper)  ;  5  -  the 
shielding  deposit;  8  - 


caoie  with  sector 
iny  vains/strands; 
3  -  Jute  tiller;  4 
lead  covering;  6  - 
steel  armor  (two 


veins/strands  of  the  type 
2  -  the  cable  paper 
-  zonal  insulation  (the 
the  paper  tape;  7  -  Jute 
tapes)  . 


page  179. 

The  latter  would  lead  to  drying  ot  paper  insulation,  to  decrease  in 
its  dielectric  strength  and  danger  of  its  breakdown. 

Por  protection  from  mechanical  cable  faults  is  eguipped  with 
steel  armor  8,  made  from  two  steel  zinc-coated  tapes.  Between  armor 
and  lead  covering  there  is  a  shielding  deposit  from  saturated  paper 
tape  6,  superimposed  to  lead  covering  on  the  layer  of  bituminous 
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composition,  and  the  layer  of  yarn  7.  This  deposit  shields  lead 
covering  from  aechanical  daaagas  b y  steel  araor  and  froa  the  chemical 
effect  of  the  environment.  This  caole  is  suitable  for  a  separator  in 
the  open  air  *  in  channels,  tunnels,  etc.  After  separator  the  cable 
armature  aust  be  painted  oy  clack  asphalt  varnish  for  corrosion 
protection. 

Steel  araor  of  the  run  in  the  earth/ground  cable  must  be 
shielded  from  corrosion  by  shielding  deposit.  As  an  exaaple  it  is 
possible  to  indicate  the  canles  of  brand  SB,  which  differ  froa  the 
cables  of  brand  SBG  in  terms  or  tne  fact  that  they  above  steel  araor 
have  the  external  deposit,  wnich  consists  of  bituminous  composition, 
saturated  yarn  and  lime  coating. 

Separator  within  buildings  anu  in  the  channels  of  cables  with 
external  deposit  from  saturated  yarn  is  not  admitted  according  to  the 
condition  of  fire  safety,  since  yarn  easily  will  be  ignited  also  on 
it  can  be  propagated  the  fire/light. 

The  cables  of  the  same  construction/design,  but  with  aluainua 
veins/strands  have  the  designation  of  brands  ASBG  and  ASB. 

All  cables  indicated  anove  are  manufactured  to  voltages  to  10  kV 


inclusively.  They  are  suitaole  tor  a  separator  in  the  earth/ground 
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and  in  air. 

Analogous  cables  with  aluminum  shell  (instead  of  the  lead)  are 
applied  with  separator  in  air  and  in  the  earth/ground  (with  the 
copper  veins/strands  of  brands  ABG  and  A  B,  and  with  the  aluainua 
veins/strands  of  brands  AABG  and  AAB) . 

If  not  the  danger  of  mechanical  damages,  then  it  is  possible  to 
apply  cheaper  cables  without  steel  araor  (brands  SG  and  ASG  -  with 
copper  and  aluninum  veins/strands,  but  to  lead  covering,  without 
external  deposit,  i.e.,  bare;  nrands  SA  and/)SA  -  the  sane  cables,  but 
with  supplementary  deposit  on  lead  shell  of  bitumen  and  saturated 
yarn;  brands  AG,  AAG,  AA  and  AAA  -  analogous  cables,  but  with 
shielding  aluminum  shell  instead  or  the  lead). 

For  installations  by  voltage  to  1000  V  are  manufactured  also  the 
paper-insulated  cables  in  polycnloroviny 1  shell,  suitable  for  a 
separator  in  the  earth/ground  and  in  air  (with  the  copper 
veins/strands  of  brands  VMBG  and  VHB ;  with  the  aluminum  veins/strands 

i 

of  brands  AVHBG  and  A7HB) . 

Paper-insulated  cables  canuot  be  run  vertically  with  large 
difference  of  levels  (more  than  1S-25  a)  due  to  efflux  from  the  cable 
of  impregnating  compound  and  desiccation  of  the  upper  part  of  the 
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cable.  To  nominal  voltages  6  and  10  kV  by  Moscow  cable  works  are 
manufactured  triple-cores  caole  with  the  copper  and  aluainua 
veins /strands  with  section  25-240  am*  isolated/insulated  by  the 
saturated  not  discharging  mass  ny  the  cable  paper  in  lead  covering, 
which  can  be  run  on  vertical  and  sharply  inclined  routes  without  the 
liaitation  of  a  difference  in  the  levels  of  the  separator  (cables  of 
brands  TsSB,  Ts A  SB ,  TsSBG,  TsASBG,  TsSBN,  TsASBN,  etc.,  where  the 
letter  Ts  it  indicates  the  oeresin-80,  introduced  into  iapregnating 
compound,  and  letter  N  -  income ustible  shielding  deposit)  . 

Peraissible  loads  on  these  cables  the  sane  and  on  power  cables  with 
the  saturated  paper  insulation  or  the  >a ae  sections  and  voltages  and 
analogous  constructions/designs. 

On  vertical  and  sharply  inclined  routes  with  a  difference  in  the 
levels  to  50-100  m  are  applied  also  the  cables  with  an 
impoverished-saturated  insulation  of  brands  SBGV  and  SBV. 

With  voltages  to  6  kV  inclusively  without  the  liaitation  of 
differences  in  the  levels  of  separator  it  is  possible  to  apply 
india-rubber  cables  (into  tne  designation  of  cable  aake-up 
additionally  enters  letter  H,  tor  example,  SRBG,  SRB,  etc.).  These 
cables  are  more  expensive  than  paper- insulated  cables;  their 
peraissible  load  is  less  as  a  result  of  the  smaller  peraissible 
temperature  of  heating  rubber  insulation.  For  example,  for  cables  to 
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voltage  1000  ¥  with  paper  insulation  the  long  permissible  temperature 

ts 

of  vein/strand  #Mt  «80°C,  and  for  india-rubber  cables  0JM  arf  55°C. 
Furthermore,  imdia-rubber  cables  to  undesirably  apply  in 
installations  with  the  temperature  of  air  of  35°C  even  more. 

Cables  to  voltages  20  and  35  KV  manufacture  with  the  separately 
lead-lined  veins/strands  (nrands  Q8BG  and  OSB  or  AOSBG  and  AOSB) .  The 
same  cables,  but  with  an  impoverished-saturated  insulation, 
manufacture  to  voltages  6  and  10  KV  (brands  OSBGV  and  OSBV) . 

Page  180. 

In  installations  by  voltage  110  kV  and  above  are  applied 
oil-filled  and  gas-filled  cables  £5-1].  The  latter  manufacture  also 
to  voltages  10  and  15  kV. 

In  the  four-wire  installations  of  three-phase  current  with 
neutral  conductor  by  voltage  380/220  and  220/127  V  apply  four-wire 
cables. 

In  the  installations  of  alternating  current  it  is  not  possible 
to  apply  the  single- cable  armored  cables,  since  in  this  case  the 
total  magnetic  flux  of  cable  is  not  equal  to  zero  (as  with 
triple-core  cable)  and  is  closed  in  steel  armor.  The  latter  is 
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strongly  heated  by  eddy  currents,  also,  as  a  result  of  hysteresis, 
which  leads  to  overheating  and  decomposition  of  the  insulation  of 
cable. 


On  direct  current  are  applied  as  one-  and  two-core  cables  with 
steel  armor. 

on  electrical  stations  and  substations  the  cables  usually  run  in 
channels  and  tunnels.  Separator  in  trenches  (in  the  earth/ground) 
impedes  observation  of  cables  ana  their  maintenance/servicing. 

For  warning/preventing  of  damage  to  insulation  and  shielding 
deposits  of  cables  it  is  necessary  that  with  the  separator  all  their 
curvatures  would  be  fulfilled  witn  the  bending  radii:  R^25D  for 
single-cable  ones  and  R>15D  for  multicore  cables  in  lead  ones  and  in 
the  aluminum  shells,  armored  and  not  armored  where  D  -  an  outside 
diameter  of  cable  (with  armor).  For  india-rubber  cables  in  the  lead 
and  polychlorovinyl  shells  of  tnose  armored  R>10D  and  of  those  not 
armored  R>6D. 

For  the  purpose  of  tne  prevention  of  efflux  from  the  cables  of 
impregnating  compound  and  penetration  in  them  of  moisture,  which 
unavoidably  leads  to  the  breakdown  of  the  insulation  of  cables,  the 
ends/faces  of  cables  reliably  seal  with  the  aid  of  the  various  Kinds 
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of  the  end  fittings:  terminals  or  steel  funnels,  poured  with  cable 
filling  compound,  dry  preparings. 

Recently  on  cables  by  voltage  to  10  kV  all  aore  widely 
inclusively  fulfill  the  end  fittings  of  the  epoxy  trowelling 
coapound.  The  latter  consists  of  epoxy  resin  (45o/o),  which  is 
synthetic  material,  talc  (J4o/o)  and  saall  quantity  of  other 
substances  and  is  dense  doughy  red-brown  nass.  During  the  nounting  of 
preparings  into  this  coapound  is  introduced  a  saall  quantity  of 
hardener  under  action  of  whicn  the  coapound  hardens  with  the 
formation  of  the  monolithic  aass,  which  possesses  high  ones  and 
constants  in  operation  oy  the  electrical  properties.  Fig.  11-2  shows 
the  general  view  of  the  end  fitting  of  cable  from  the  epoxy 
trowelling  compound,  and  in  ^aole  P  11.7  are  given  its  basic 
dimensions. 

After  preparing  core  of  caoie  as  this  shown  in  Fig.  11-2,  to 
cable  they  put  on  detachable  aetal  aold  and  pour  by  the  epoxy 
trowelling  compound,  having  pre liamarily  introduced  into  it 
hardener.  After  the  solidification  of  the  coapound  (several  days) 
fora  reaove/take.  Finished  seal  froa  epoxy  coapound  does  not  have 
shielding  housing  and  insulators  as  a  result  of  high  aechanical  and 
dielectric  strength  of  the  hardened  coapound. 
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Seals  froa  the  epoxy  trowelling  coapound  are  reliable,  cheap, 
they  can  be  applied  in  heated  and  unheated  dry  and  daap/crude 
preaises  with  relative  ataospheric  huaidity  to  95o/o  [11-1].  Their  to 
establish  is  possible  vertically,  it  is  horizontal  and  it  is  inclined 
at  any  angle. 

The  individual  sections  or  caoles  connect  with  the  aidof 


couplings  [7-1]. 
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Fig.  11-2.  The  general  view  or  the  seal  of  cable  from  the  epoxy 
trowelling  compound.  1  -  cade  core;  2  -  cap  of  the  vein/strand;  3  - 
insulation  of  the  vein/strand;  4  -  three  layers  of  winding  from 
surgical  tape  with  coating  of  eaca  layer  with  the  epoxy  trowelling 
compound;  *>  -  supplementary  winding  of  the  vein/strand;  6  -  binding 
from  the  twine;  7  -  binding  from  the  cotton  fabric;  8  -  zonal 
insulation  of  the  cable;  g  -  notcn  by  knife  on  cable  sheathing;  10  - 
the  epoxy  trowelling  compound;  11  -  binding  wire;  12  -  the  grounding 
cable;  13  -  soldering  cable  to  snell  and  cable  armature. 
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Page  181. 

11-2.  Selection  of  cables. 

Power  cables  select  on  design,  on  voltage  and  by  econoaic 
current  density  and  check  against  maxinun  prolonged  current  loads,  on 
the  loss  of  voltage  during  noraal  and  eaergency  nodes  and  on  thernal 
resistance  during  short  circuits. 

The  selection  of  cable  on  structural  fulfillment,  or,  in  other 
words,  the  selection  of  cable  make-up,  aust  be  conducted  taking  into 
account  the  designation/purpose  of  cable  and  method  of  its  separator. 
In  this  case  they  must  be  taiceu  into  consideration:  a  nuaber  and  a 
aaterial  of  core,  the  kind  of  insulation,  construction/design  of 
shielding  deposits  and  other  special  features/peculiarities  of  cable. 

Selection  of  cable  on  voltage.  Cables  reliably  work  with  the 
voltage,  which  exceeds  their  nominal  voltage  on  15o/o.  Since  the 
naxiaun  working  voltage  of  electrical  plants  exceeds  their  noainal 
voltage  not  nore  as  on  5-10o/o  (see  §3-1),  then  when  selecting  of 
cable  on  voltage  is  sufficient  to  observe  the  condition: 

where  UK,6mM  -  noainal  voltage  of  the  cable; 
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^»ct.«om  ”  noiinal  voltage  of  the  installation,  numerically  equal  to 
nominal  line  voltage,  which  feeds  from  this  installation  (see  Chapter 
3)  . 

Selection  of  the  section  of  cable  on  economic  current  density. 

On  the  basis  of  the  considerations,  analogous  presented  into  §10-2  in 
the  relation  to  of  bare  wxres  and  busbars,  TO  HES  of  the  USSR  are 
established/installed  the  led  in  PUE  [3-6]  maximum  economic  current 
densities  for  power  cables  and  insulated  wires  (fables  11-1), 
using  which  should  be  determined  the  sections  of  the  cables: 

s  =  ~~,  (11-2) 

where  /„  -  current  of  the  greatest  constant  load  of  circuit  in  the 

normal  mode  of  work  (without  taxing  into  account  possible  in 
operation  overloads  of  a  circuit,  and  also  increase  of  its  load 
during  emergencies  and  repairs) . 

The  obtained  condition  (11-2)  section  they  round  off  to  nearest 
larger  standard  on<jfable  P-11,  iitn  selected  thus  cable  is  provided 
the  sufficiently  high  efficiency/cost-effectiveness  of  operation  and 
the  at  the  same  time  rational  savings  of  means  and  nonferrous  metal. 

An  economic  number  of  caoles  oefore  section  150  mm2  is  one 
cable.  Wit’.»  s>150  the  mm2  an  economic  number  of  cables  define  as 
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s/150.  In  the  interval  Detween  one  cable  150  aa2  and  two  cables  on 
150  an2  econoaically  it  is  possiole  to  consider  also  the  version  of 
two  cables  on  120  an2. 

In  electrical  plants  voltages  above  1000  ?  the  section  of  all 
cables  should  be  deterained,  on  the  basis  of  econoaic  current 
density,  except  the  cables  of  teaporary/tiae  installations. 

Checking  cable  to  the  aaximua  prolonged  current  of  load 
(checking  for  heating  In  noraal  node).  According  to  the  in  force  with 
the  USSR  norms  for  each  caoie  is  established/installed  the  aaxiaua 
permissible  under  conditions  for  noraal  operation  prolonged  heating 
temperature  of  core  ilM,  depending  on  insulation  of  core, 
construction/design  and  voltage  or  cable. 

For  some  types  of  caoi.es  values  8  are  shown  in  table  P-11.  The 
excess  of  this  temperature  leads  to  the  guick  aging  of  the  insulation 
of  cable,  which  is  accompanied  oy  a  decrease  in  its  dielectric 
strength,  as  a  result  of  which  are  possible  the  breakdowns  of 
insulation  between  veins/strands  or  between  veins/strands  and  metal 
cable  sheathings. 

The  long  let-go  current  of  tne  load  of  cable  I Aon  is  deterained 
with  maximum  permissible  prolonged  temperature  of  its  heating  8<oa  and 
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at  a  specific  calculated  aaoient  tenperature  #0,  taken  for 
earth/ground  of  ^0=15°C  and  for  air  of  ^/0=25°C. 
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Table  11-1.  Naxiaua  econoaic  current  density  of  power  cables  and 
insulated  wires. 


i  }\  [)p«Ae>ib>ias  skOHOMimrcKAN 
IMOTHOCTb  TOKa  U/MM* 

(7) 

HaUMettoasHHe  npoao ahhkob 

(SJnpH  npOAOH)*c  IITC JlkMOCTH  HCHOAb* 
aonaHMW  MikCHwyw.  liarpysKM 
* 

0 

l*r 

caume 

I  nuo 
ao  3  000 

CBbime 

3  000 

AO  5U00 

- 

CAMtue 

Gonu 

AO  8  700 

(S) 

KahejiH  c  Cyuawnoft  h 
nposoAa  c  peaiiHOBoA 
uaoJiMUiieft  c  xtHAaniH: 

|3)  MCAUUMII . 

ft)  1.1IO  Mil Htfe BUM H  .  . 

K»6cjim  c  peaiiHOBoA  iiao- 
AHUMCA  H  MeAMbIMH  WH- 

J1MU . 

3.0 

2.5 

2.0 

1,6 

1.4 

1.2 

3.5 

3.1 

2.7 

Key:  (1).  Maximum  econoaic  current  density  A/ma2.  (2). 

Designation  of  conductors.  (3;.  with  demand  time  of  load  peak  h. 

(4).  it  is  more  than  1000  to  3000.  (5).  Cables  from  paper  and 

rubber-covered  wire  witn  veins/strands:  a)  copper;  b)  aluainua.  (6). 
India-rubber  cables  and  copper  verus/strands. 


Page  182. 

In^able  P-11  are  given  the  long  let-go  currents  of  the  loads  of  the 
cables  of  different  types,  voitayes  and  sections  under  the  different 
conditions  of  separator.  The  permissible  loads  of  the  cables  of  other 
types  (for  example,  with  lapoverrsued-saturated  insulation)  and  with 
other  methods  of  separator  {in  water,  in  blocks)  are  given  in  [3-6]. 


DOC  =  79  1348  1 1 


PAGE 


It  is  obvious  that  the  section  of  cable,  selected  on  economic 
current  density.  Bust  be  sucn  so  tnat  with  the  naxiaua  prolonged 
current  of  the  load  of  that  circuit,  for  which  is  intended  the  cable, 
the  heating  temperature  of  its  veins/strands  would  not  exceed  #40I1.  For 
this  aust  be  observed  the  condition: 

/  >-/  (11-3) 

Aon  u.MaKCt  v  ' 

where  /4on  -  the  long  let-go  current  of  load  on  cable  (on  table 
P-11)  ; 


/MM1,e  -  maximum  prolonged  current  of  the  load  of  that  circuit, 
for  which  is  selected  tne  caoie. 

If  condition  (11-3)  is  not  satisfied  for  the  cable,  selected  on 
economic  current  density,  tnen  should  be  selected  the  cable  of  the 
larger  section,  which  satisfies  this  condition. 

When  under  the  conditions  of  operation  is  possible  the  prolonged 
overloading  of  circuit,  tor  which  is  intended  the  cable,  then  current 
Ai.u.Kc  should  be  determined  taking  into  account  this  overloading  (see 
the  appropriate  indications  in  9 1  <3  —  2 1  «  In  this  case,  if  the  greatest 
constant  load  in  normal  aoae  /„  or  paper- insulated  cable  by  voltage 


DOC  =  79134811 


PAGE 


10  kV  and  does  not  exceed  below  dOo/o  of  its  long  let-go  current 
I Aoa,  then  during  emergency  node  in  installation  it  is  possible  to 
allow/assume  short-term  overload  or  cable  to  130o/o  on  the  period  of 
load  peak  during  five  days  £3-6  J. 

Table  P-11.  1  are  given  tne  long  permissible  loads  of  cables  on 
the  voltages  1-10  kv  with  paper  insulation,  run  in  trench  (in  the 
earth/ground) ,  moreover  as  standard  conditions  of  laying  of  these 
cables  they  are  accepted:  1)  canle  runs  itself  one  in  normal  earth 
trench  at  temperature  of  eartn/ground  of  15°C  and  2)  the  depth  of  the 
laying  of  cable  in  trench  from  tne  earth's  surface  to  cable  sheathing 
not  less  than  0.  7  m  for  cables  to  10  kv  and  not  less  than  1  a  for 
cables  20-35  kv. 

If  in  trench  they  run  several  cables  with  clearance  100-300  mm, 
then  as  a  result  of  deterioration  in  cooling  conditions  the 
permissible  load  on  cable  must  be  reduced  in  accordance  with 
coefficient  taken  on  table  P-11.5.  Reserve  cables  considered  must 

not  be.  in  this  case  under  reserve  cables  are  understood  also  the 
normally  working  underloaded  cables  with  cutoff /disconnection  of 
which  is  possible  the  transmission  on  the  remaining  in  work  cables  of 
entire  rated  power. 


If  the  real  temperature  or  tne  earth/ground  in  the  place  of 
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cable  laying,  equal  to  the  a verage/mean  monthly  temperature  of  the 
earth/ground  at  the  depth  or  caoie  laying  in  hottest  month,  differs 
from  calculation,  i. e. ,  in  terms  or  15°C,  then  the  permissible  load 
of  cable  should  be  changed,  taking  into  account  correction  factor 
kx  in  table  P-11.6. 

In  the  case  of  cable  laying  to  stony  or  dry  sand  soil  the 
permissible  load  they  decrease  approximately/exemplarily  to  15-25o/o 
depending  on  the  thermal  resistance  of  soil  [9-2]. 

For  the  cables,  laid  in  air,  the  long  permissible  loads  (j^ible 
P-1 1.2)  are  accepted  for  clearances  between  cables  with  the  separator 
of  them  inside,  also,  out  ot  ouildings  and  in  tunnels  not  less  than 
25  mm  and  in  channels  not  less  than  50  mm  at  any  number  of  laid 
cables  and  temperature  of  air  ot  25°C. 

If  the  real  temperature  of  air  in  the  place  of  cable  laying 
differs  from  calculated,  equal  to  25°C,  then  the  permissible  load  of 
cable  should  be  determined  witn  consideration  correction  factor  kT 
in  table  P-11.6.  In  this  case  oy  the  temperature  of  air  should  be 
understood:  out  of  premises  the  greatest  average/mean  diurnal 
temperature  for  this  region,  repeating  not  less  than  three  times  the 
year;  indoors  -  greatest  average/mean  diurnal  temperature  in  the 
place  of  cable  laying. 
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In  the  case  of  cable  laying  under  different  conditions,  for 
example,  partially  in  air  and  partially  in  the  earth/ground,  the 
permissible  constant  lead  on  cable  should  be  accepted  on  the  section 
of  route  with  the  worse  conditions  for  cooling,  if  the  length  of  this 
section  is  more  than  10  a.  ^Ln  the  latter  case  in  section  with  the 
worse  conditions  for  cooling  it  is  possible  to  apply  the  cable 
inserts  of  larger  section  i  J-b  J. 

On  the  conditions  of  mounting  and  the  cost/value  of  cable  lines 
one  should  not  apply  the  cables  of  too  large  cross  sections.  Are  been 
commonly  used  triple-cores  cable  by  section  to  150-185  mm2  and  less 
frequently  than  large  cross  sections. 

Page  183. 

It  is  necessary  to  keep  in  mine  that  the  cables  of  large  cross 
sections  allow/assume  less  current  density,  which  causes  the 
overexpendi* are  of  metal.  The  advisability  of  the  separator  of 
several  cables  of  the  smaller  section  instead  of  one  cable  of  larger 
section  is  solved  on  the  base  of  the  technical-economic  calculations, 
talcing  into  account  the  cost/value  of  cables  and  their  separator, 
operating  costs  and  consumption  or  nonferrous  metal. 
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Let  us  note  that  under  emergency  conditions  can  be  allowed 
following  short-term  (by  duration  not  more  than  2  h)  overloads  of 
cables: 

cables  to  3  kV  inclusively  ...  lOo/o. 

cables  6-10  kV  ...  15o/o. 

The  overloading  of  cables  Dy  voltage  20  kV  and  is  not  above 
alloved/assumed  [ 3-2  ]. 

Checking  cable  to  the  loss  or  voltage  is  conducted  by  the 
execution  of  the  electrical  calculation  of  electric  system  for  the 
purpose  of  the  determination  of  the  admissibility  of  voltage  errors 
in  the  receivers  of  electric  power  in  different  modes  of  its 
operation  [7-1],  Proceeding  tneir  established/installed  by  POE  values 
of  the  permissible  losses  and  voltage  errors,  can  prove  to  be 
necessary  the  use/ap pi ication  of  a  cable  of  the  large  section,  rather 
than  this  was  accept  according  to  the  conditions  of  the  economic 
current  density  or  heating  in  normal  mode. 


The  cables  of  small  iengtn  on  electrical  stations  and 
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substations,  for  exaaple  cables  to  the  generators,  step-up  and  to 
step-down  transf oraers,  etc.,  of  loss  voltage  do  not  usually  check. 

Checking  cable  to  theraal  resistance  by  short  circuits  is 
conducted  in  accordance  with  indications,  data  into  §7-2.  There  it  is 
shown,  what  cables  it  is  possioie  against  theraal  resistance  not  to 
check. 


The  cables  of  snail  length  without  the  couplings  should  be 
checked  against  thermal  resistance  during  short  circuit  in  the 
beginning  of  cable,  it  is  mrect  after  end  preparing.  If  the  sections 
of  the  cables  of  the  single  line  01  the  large  length,  which  has  the 
couplings,  are  determined  from  the  condition  for  thermal  resistance 
during  short  circuit,  tnen  should  be  checked  against  theraal 
resistance  each  section  of  cable  during  short  circuit  in  the 
beginning  of  this  section,  in  tnis  case  is  allowed/assumed  the 
decrease  by  the  steps/stages  or  the  section  of  the  cables  of  line 
over  its  length. 

In  the  case  of  two  and  aore  parallel  cables  one  should  to 
proceed  froa  short  circuit  directly  the  bundled  cables,  i.e.,  to 
consider  that  short-circuit  current  it  is  direct  after  bundled 
cables,  i.e.,  consider  that  the  short-circuit  current  branches  on  all 
in  parallel  to  connected  cables  f J-6J. 
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Example  of  11-1.  To  select  caole  with  aluminum  veins/strands  in 
the  circuit  of  the  line  of  setting,  data  which  are  given  in  exaaple 
of  10-1.  Cable  runs  itself  in  normal  earth  trench  at  teaperature  of 
earth/ground  of  #o-=‘\0°C.  in  one  trench  are  laid  the  cables  for  the 
feed  of  two  substations,  analogous  indicated  in  the  diagram  of  Fig. 
8- 3b. 


Selection  of  cable  on  design  and  on  voltage.  For  a  separator  in 
the  earth/ground  we  select  three-core  cable  with  aluainun 
veins/strands,  with  the  paper  saturated  insulation,  in 
general/comnon/total  lead  covering,  araored  by  two  flat/plane  steel 
tapes,  to  nominal  voltaye  10  xV.  Cable  make-up  ASB. 

Selection  of  the  section  of  cable  on  economic  current  density. 

On  Table  11-1  with  7-ai(C  =  <ooo  a  accept  -=  1 .4  A/mm*.  Bith  /„=  167  A 

119  mm'. 

On  data  of  table  P  11. 1  it  is  possible  to  select  cable  by 
section  3x120  am*  with  =  2<0  A 

Checking  cable  to  the  maximum  prolonged  current  of  load.  From 
example  of  10-1  it  is  known  that  334  A.  Consequently,  the  cable, 

selected  on  economic  current  density,  this  condition  does  not 


* 
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satisfy.  It  is  necessary  to  select  the  cable  of  larger  section. 

The  cable  of  the  nearest  large  section  3x150  mm*  allovs/assaaes 
the  current  of  load  275  A  waica  is  also  less  than  the  naxiaun  current 
of  the  load  of  line.  Cables  by  section  more  than  3x150  mm*  are 
insufficiently  econoaical;  therefore  it  is  expedient  to  fulfill  line 
by  two  parallel  cables  of  smaller  section,  calculated  for  constant 

-A 

load  by  the  current,  equal  to  334  *e  y|. 

In  this  case  in  one  trencn  wj.11  be  laid  only  8  cables.  However, 
since  according  to  the  condition  tor  the  work  of  network  accepted  on 
the  diagram  in  Pig.  in  d-ji>  cables  in  noraal  aode  are  loaded  only 
half,  then  correction  factor  to  a  number  of  cables  in  trench  it  is 
necessary  to  accept  from  calculation  four  cables.  On  ^lable  P-11.5 
with  clearance  between  caoles  100  am  we  accept  *, -=o.«. 

a 

Correction  factor  to  the  temperature  of  soil  of  ^o=10°C  on  table 
P  -11.6  when  *,on— 60’C  (permissible  temperature  of  cable  core  10  kV) 
comprises  *r  =  i,06. 

General/common/total  correction  factor  *  —  *,*,—  o^x  of 
1.06—0.85. 


If  we  take  two  cables  oy  the  section  3x70  of  the  me*  each  of 
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which  with  nornal  separator  allows/assuaes  current  — ies  ^  then 
with  consideration  correction  factor  they  can  be  loaded  to  current 
not  eore:  i'AOn.=  2.0,85- I65=b280  a,  which  is  less  /«.««-  334  /$. 

Therefore  these  cables  cannot  ne  accepted  to  separator. 


We  select  two  cables  by  section  3x9  5  aa2  with  /MO„  =  203  A.  With 
consideration  correction  factor  it  is  possible  to  load  thea  to  the 
current:  l'iou~2.0,t£-m^Xi0  Q  which  is  aore  than 

Page  184. 

(checking  cables  to  theraai  resistance.  Parallel  cables  aust  be, 
as  noted  above,  checked  on  short-circuit  current  after  bundle  of 
cables,  i.e.,  on  short  at  point  K  on  the  busbars  of  network 
substation  (Fig.  8-3b).  Ii  the  length  of  cables  is  snail,  on 
short-circuit  current  on  supply-line  substation  little  it  differs 
froa  short-circuit  current  in  tne  beginning  of  the  waste/exiting  line 
(only  due  to  the  resistor/resistance  of  the  cables  of  the  latter). 

Let  us  assuae  that  precisely  this  case  occurs  in  our  exanple.  Then 
the  theraai  resistance  of  cables  it  is  possible  to  check  in  terns  of 
the  sane  values  of  short-circuit  current  which  were  accepted  in 
exanple  of  10-1  for  testing  the  stability  of  busbars.  In  that  exanple 
it  was  substantiated,  that  in  tneraal  sense  is  aore  dangerous  the 
two-phase  short  circuit.  It  is  obvious  that  this  to  equal  degree  is 
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related  also  to  cables.  Therefore.  utilizing  data  and  rasalts  of 
calculations  in  exaaple  of  10-1,  let  us  accept:  16.5  ki  and  4 -13 


Since  /„ 


331 


little  differs  froa  350  thee  we  count 


the  temperature  of  cable  core  to  short  circuit  -=  C. 

On  curve  Cor  aluainua  m  Fig.  7-7  when  o^go'C  we  find  /iH% 0.45. io>. 
Then  /v“0,'l5xl0‘ +  l,5“  l,6’,°'  and  ft«  =  2*°*  c.  which  is  wore 

than  -00* c  for  cables  with  aluainua  veins/strands.  Thus,  two 

cables  by  section  3x95  aw2  are  thermally  unstable. 


Let  us  select  two  cables  by  section  3x120  aw2  with  /10n=* ->40  4. 
Bith  consideration  correction  factor  these  cables  can  be  loaded  to 


the  current:  i'w„  =.2-o35--noss  408 


% 


Temperature  of  cable  core  to  short  circuit  according  to  formula 


(7-16)  =10K60-10) 


r334' 


5°C.  Through  the  curve  of  Figure  7-7  we 

4 


find  Ah  =  0.35*104^  /4,=.o.35.io-+(^y  1.5^1. 05*  104  and  ^  150°C,  which 

for  aluminum  cables  is  admissible.  Thus,  we  fulfill  line  by  two 

2 

parallel  cables  of  brand  ASB  with  a  section  of  3x120  mm  each. 
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Chapter  12 

Electrical  Contacts. 

12--1.  General  Information. 

In  busbar/tire  constructions/designs  and  electrical  apparatuses 
and  machines  there  is  a  large  number  of  the  electrical  contacts,  from 

the  quality  of  execution  and  state  of  which  to  a  considerable  degree 
depends  the  reliability  cf  the  operation  of  electrical  equipaent  and 
electrical  devices  as  a  whole.  Tae  da  wages  of  electrical  contacts  are 
frequently  the  reason  for  heavy  eaergencies  in  electrical  devices. 

Electrical  contact  is  called  the  place  of  the  contact  of  two  or 
several  conductors  between  thenselves,  through  which 
flows/occurs/lasts  the  current  of  one  circuit  into  another.  At  the 
sa ae  tiae  in  practice  accept  by  electrical  contact  (or  in  abbreviated 
fora  by  contact)  to  call  also  tne  contact  connection,  which  is 
structural  node,  which  consists  of  the  contacting  conductors  and 
their  connecting  parts:  bolts,  civets,  contact  springs, 
ter ainals/grippers,  etc.  in  the  disconnecting  apparatuses  by  contacts 
accept  to  call  each  of  the  contacting  conductors  of  contact 
connection  (with  all  relating  to  it  parts  -  contact  spriags,  etc.). 


DOC  =  79134811 


PAGE 


For  example,  in  knife  switch  distinguish  slide  contact,  i.e.  ,  its 
knife,  and  fixed  contacts  into  which  throws  in  itself  the  knife  upon 
the  inclusion/connection  of  knife  switch.  Subsequently  the  tern 
"contact"  is  utilized  in  all  values  indicated,  about  which  it  is 
necessary  to  judge  by  the  sense  of  the  set-forth  aaterial. 

By  conditions  the  works  distinguish  three  fundaaental  leans  of 
the  contacts:  1)  rigid  or  aotioniess,  2)  slipping  {current 
collecting)  and  3)  breaking. 

Jith  solid  contact  tne  coibinable  current-carrying  parts  reiain 
■otionless  one  in  relation  to  another,  i.e.,  of  mutual  displacement 
is  excluded.  Such  contact  connections  of  wires  and  busbars,  branching 
froi  them  and  their  connection  to  the  teriinals/grippers  of 
electrical  machines  and  apparatuses. 

In  slipping  contact  one  or  both  of  the  connected 
current-carrying  parts  can  oe  aovea  by  one  with  respect  to  another 
with  +ha  retention/preservation/maintaining  of  their  mutual  pressure, 
realized  with  the  aid  of  springs. 

The  broken  contacts  are  applied  in  the  disconnecting  apparatuses 
where  they  serve  for  c losing/shorting  and  interrupting  the  circuit. 
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The  quality  of  contact  to  a  considerable  degree  is  characterized 
by  its  electrical  resistance,  since  on  the  value  of  the  latter 
depends  heating  contact  in  nominal  mode/conditions  and  with  the 
course  of  short-circuit  current.  Extreme  overheating  of  contacts  can 
bring  and  to  their  decomposition  and  serious  eaergency. 

Page  185. 

The  exaaination  of  tne  contact  of  two  well  processed  and  aatched 
to  each  other  plane  contacts  snows  that  in  actuality  the  contacts  are 
contacted  not  all  over  contact  surrace,  but  only  in  a  saall  nuaber  of 
points.  Is  explained  this  tact  tnat  on  even  very  thoroughly  processed 
aetallic  contact  surfaces  always  remain  very  saall  projections  and 
pockets,  as  this  in  the  strongly  exaggerated  form  shown  in  Pig.  12-1. 
in  the  absence  of  the  force  or  pressure  area  contacts  usually  are 
contacted  at  one  -  three  points,  depending  on  their 
construction/design  (froa  tnat,  now  freely  they  can  be 
established/installed  one  relative  to  another). 

Let  us  assume  that  during  imposition  the  contacts  were  contacted 
only  at  one  point.  If  we  press  sucn  contacts  by  certain  force  F,, 
then  the  apex/vertex  of  prot uoerances/pr oainences,  on  which  they  are 
contacted,  somewhat  will  be  rumpled  and  is  formed  the  saall  area/site 
a  of  the  real  contact  of  contacts  (Pig.  12-la).  An  increase  in  the 


1 


:<* 
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compressive  force  leads  to  an  even  larger  warping  of 
protuberances/prominences  a,  to  the  approach  of  contacts  and  the 
onset  of  the  contact  of  other  protuberances/proainences,  i.e.,  to  the 
foraation/education  of  the  new  supplementary  areas/sites  of  contact, 
for  example  b  (Fig.  12-1b).  Thus,  the  real  contact  area  of  contacts, 
equal  to  the  sub  of  the  eieaentary  areas/sites  of  contact,  it  is  very 
small  aany  tines  of  less  than  their  contact  ("seeming")  surface.  Let 
us  agree  that  subsequently  we  frequently  will  speak  about  the  points 
of  contact  of  contacts,  implying  oy  them  not  points  in  mathematical 
sense,  but  the  surface  elements  of  contact. 

Experimentally  was  estaolisaau/inst ailed,  that  the  real  contact 
area  of  contacts  does  not  depend  on  their  sizes/dimensions  and  is 
determined  by  the  force,  waich  compresses  contacts,  and  by 
tenporary/tine  bearing  resistance  of  the  metal  of  contacts,  that  it 
is  possible  to  express  by  the  formula: 


where  s  -  a  real  contact  area  of  contacts,  mm2; 


F  -  force  of  the  pressure  of  contacts,  kgf; 


°c-  -  temporary/time  hearing  resistance  of  metal,  kg/mm2,  that 


comprises:  for  copper  39-52  kg/mm2,  for  aluminum  90  kg/mm2,  for 
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silver  -  31  kgf/mm3. 

One  and  the  sane  contact  area  of  contacts  can  be  obtained  with 
different  sizes/dime nsicns  ot  contacts  only  due  to  change  in  force  of 

F. 


The  nature  of  the  electrical  resistance  of  contact  connection 
can  be  clarified  from  tne  examination  of  the  shown  in  Fig.  12-1 
course  of  current  in  contacts  witn  the  limited  number  of  areas/sites 
of  contact.  The  electrical  resistance  of  the  unoxidized  contact 
connection  in  essence  is  caused  by  the  strong  contraction  of  the  path 
of  the  course  of  current  in  immediate  proximity  to  the  places  of 
transition/ junction  from  one  contact  to  another  as  a  result  of  small 
sizes /dimensions  of  the  areas/sites,  through  which  flows/occurs/lasts 
the  current.  Manifests  itself  also  an  increase  in  the  mean  pathlength 
of  current.  Based  on  thi*=,  the  resistor/resistance  contact  connection 
rK  can  be  examined  by  that  consisting  of  two  parts  [12-1  and  12-2]: 

.  (12-2) 

where  ra  -  contact  resistance  of  contact  connection,  i.e.  , 
resistor/resistance  in  the  place  ot  the  transit  ion/ junction  of 
current  with  one  contact  to  another; 

rm  -  resistor/resistanca  or  the  metal  of  contacts,  determined  in 
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the  section  where  is  observed  an  increase  in  the  current  density. 
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Fig.  12-1.  Contact  of  two  contact  surfaces  under  the  different  forces 
of  pressure  (F2>Ft). 

Page  186. 


Transient  resistance  rn  ot  contact  connection  is  caused  by  a 
snail  cross-sectional  area  of  those  flanges  through  which  the  current 
flows/occurs/lasts  froh  one  contact  to  another.  Xf  we  for  simplicity 
to  assune  that  the  contacting  flanges  of  contacts  have  a  forn  of 
cylinders  with  a  diameter  ot  d  (cm)  at  negligibly  low  altitude,  then 
contact  resistance  of  tae  unoxidized  single-point  contact  (Fig. 

12-la)  can  be  determined  oy  formula  [  12-2]: 


(12-3) 


where  p  -  the  resistivity  ot  the  metal  of  contact,  Q«cn 
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Utilizing  foriula  (12-1),  it  is  possible  to  write  the  following 
expression  for  the  area  of  the  contact  of  contacts  s  =  *?-=  —  hence 

_  4  eo, 

</-— -2i  /  — .  After  substituting  tnis  value  of  diaeeter  into  fornula 

y  *qcM 

(12-3),  we  obtain: 


/•  — 


t  \ 


Vt 


k, 

'/.o.i ' 


(12-4) 


where 


.  _  p  /««,* 

'  —  -  2~ 


Thus,  contact  resistance  ot  single-point  contact  depends  on  the 
material  fron  which  it  is  nade  (p  and  ocj  also,  froa  the  force  of  the 
pressure  of  contacts  (F) , 


Contact  resistance  c t  multipoint 
determined  by  the  analogous  rot  aula: 


contact  approximately 

(12-5) 


can  be 


where  the  exponent  m  depends  on  the  form  of  contacts  and,  mainly, 
from  a  number  of  points  of  their  contact:  for  the  single-point 
contacts  m=0. 5,  for  the  tne  multi-exact  m=1.  In  the  latter  case 
coefficient  k  depends  not  only  on  p  and  ocu,  but  to  a  considerable 
degree  and  froa  the  method  of  me  treatment  cf  contact  surfaces.  For 
example,  with  ground  contact  surface  contact  resistance  is  more. 


rather  than  with  the  rougn  surface,  cleaned  by  emery  cloth,  since  in 
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the  second  case  a  number  of  points  of  contact  of  tangency  is  tore. 

For  the  approximate  estiaate  of  contact  resistance  according  to 
foraula  (12-5)  it  is  possiola  to  take  the  following  values  of 
coefficient  of  k  with  the  pure/clean,  unoxidized  contacts: 

copper  ...  (0.7-1 . 4)  •  10-*. 

aluminum  ...  (1 . 3-1.6)  •  10~*. 

steel  ...  (75-80)  •10“'*. 

silver  ...  (0.5-0. 6) «1G-*. 

aluminum  -  copper  ...  — 1 0 • 1 0— ♦ • 

steel  -  copper  ...  ~J0»10— 1 *. 

approximate  values  of  coefficient  of  a  for  the  contacts: 

plane  -  plane,  multiplate  brush  -  plane  ...  1. 

bolt  busbar/tire  contacts  ...  0. 5-0.7. 
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point  -  plane,  sphere  -  plane,  sphere  -  sphere  ...  0.5. 

With  an  increase  in  heating  contact  transition 
resistor/resistance  increases  as  a  result  of  increase  p. 

surfaces  of  copper  ones,  aluminum,  steel,  etc.  of  contacts 
are  oxidized  by  atmospheric  oxygen.  The  filas  of  oxide  of  the  aetals 
even  very  snail  thickness  possess  high  electrical  resistance,  in 
consequence  of  which  contact  resistance  of  the  oxidized  contacts 
usually  uany  times  exceeds  that  deterained  according  to  the  given 
higher  approxination  formulas.  Especially  intense  oxidation  is 
observed  at  a  tenperature  of  heating  contacts  of  higher  than  70-75®C 
The  aeasures  of  fight  with  the  oxidation  of  contacts  are  presented 
further. 

The  contacts,  placed  into  oil,  are  oxidized  considerably  less, 
rather  than  the  contacts,  which  work  in  air. 

Returning  to  foraula  (ix-xj ,  necessary  to  note  that  the 
resistor/resistance  of  the  metal  of  contact  rm  in  general  small  and 
has  the  vital  importance  only  during  the  determination  of  contact 
resistance  with  low  contact  resistance  r„,  when  rm  and  rM  are 
coamensurated.  Such  contacts  include  the  rigid  bolted  joints  of 
busbars  and  wires,  fulfilled  with  che  large  force  of  pressure,  which 
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reaches  hundred  kilograas.  >a  contrast  to  this  in  the  slipping  and 
opening  contacts  of  the  disconnecting  apparatuses  the  force  of 
pressure,  created  by  contact  springs,  is  considerably  less;  therefore 
they  possess  comparatively  hxgn  contact  resistance  r„>rH.  Por  these 
contacts  it  is  possible  to  accept 

To  all  electrical  contact  connections  present  the  following 
fundaaental  requireaents:  1)  me  reliability  of  the  fulfillaent;  2) 
durability  against  the  external  agencies;  3)  the  constancy  of  contact 
resistance;  4)  heating  m  me  permissible  liaits  even  5) 
electrodynaaic  and  theraal  resistance  with  the  course  of 
short-circuit  current. 

Bith  the  course  of  tne  current  of  load  in  contact  connection  is 
separated/liberated  the  heat,  especially  considerable  in  the  places 
of  the  real  contact  of  contacts,  proportional  /*rK. 

Page  187. 

Por  the  heat  removal  froa  tne  places  of  the  contact  of  contacts  and 
for  its  scattering  into  the  environaent  it  is  necessary  that  the 
contacts  would  possess  the  specific  aass  and  cooling  surface. 


The  aaxiaum  nermissiole  temperatures  of  heating  contacts  with 
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the  prolonged  course  of  the  current  of  load  are  established/installed 
by  GOST  [  TOCT  -  All-union  State  standard]  8024-56  and  are  from  75 
to  100°C  depending  on  their  designation/purpose,  construction/design, 
metal  and  safety  method  from  oxidation. 

Short-circuit  current,  flowing/occurring/lasting  through 
contacts,  creates  the  considerable  effort/force,  which  attempts  to 
move  apart  contacts,  whica  is  clearly  evident  from  Fig.  12-1 
(different  direction  of  flow  in  contacts).  The  decrease  of  the  force 
of  pressure  during  short  circuit  causes  an  increase  in  contact 
resistance  and  the  intensive  heating  of  contact. 

Prom  entire  that  presented  it  follows  that  the  sizes/dimensions 
of  contacts  are  determined  iron  the  conditions  for  their  cooling  in 
normal  node,  the  guarantee  of  tnermal  and  electrodynaaic  stability 
with  the  course  of  short-circuit  currents.  The  sizes/dimensions  of 
the  broken  and  slipping  contacts  of  the  disconnecting  apparatuses  are 
determined  also  from  the  considerations  of  their  mechanical  strength 
with  the  fulfillment  of  process/operations,  and  to  a  certain  extent 
and  from  design  considerations. 

12-2.  Rigid  (motionless)  contacts. 


The  rigid  (motionless)  contact  compounds  include  the  connections 
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of  wires  and  busbars,  branching  from  then  and  their  connection  to  the 
terninals/grippers  of  electrical  machines  and  apparatuses.  These 
contacts  aust  satisfy  the  general  requirements,  presented  in  the 
preceding/previous  paragrapn. 

The  connection  of  busbars  and  wires  and  branching  froa  then  is 
fulfilled  by  welding,  pressure  (pressing),  also,  with  the  aid  of 
bolts.  The  connections  of  busbars  and  wires  to  the  terainals/grippers 
of  electrical  aachines,  apparatuses  and  instruments  fulfill  only  with 
the  aid  of  bolts,  i.e.,  by  split  ones. 

Welding  busbars.  Witn  tne  aid  of  electrical  or  torch  welding  it 
is  possible  to  connect  copper,  aluminum  and  steel  busbars,  and  also 
copper  busbars  with  aluminum  ones.  The  connection  of  busbars  by 
welding  is  very  reliable,  simply,  cheaply  and  considerably 
accelerates  the  installation  of  busbar/tire  construction/design, 
because  of  butt  welding  and  absence  of  tightening  bolts  substantially 
decrease  of  expenditure  of  metal  aud  energy  loss  in  fastening 
material  -  it  is  calculated,  which  in  one  tightening  steel  bolt  of 
busbar/tire  construction/uesigu  yearly  is  lost  to  1 0  kw*^  electric 
power  [12-3],  fery  important  is  tne  constancy  of  contact  resistance 
of  bonded  contact,  since  is  eliminated  oxidation  by  air  of  contact 
surfaces. therefore  bonded  coutacts  do  not  require  permanent 
supervision  in  operation.  Especially  they  are  convenient  in  those 
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constructions/designs  of  the  distributors  where  this  supervision  is 
generally  difficult,  for  exaepie,  with  the  execution  of  distributors 
in  aetallic  cabinets  (the  so-called  cubic  switchboards  -  see  Vol. 


Fig.  12-2a  shows  connection  by  welding  two  rectangular  busbars 
1.  Gap  2  between  the  ends/faces  of  busbars,  the  width  of  joint  3  and 
weld  reinforcement  4  depend  on  sizes/dieensions  and  aaterial  of 
coabinable  busbars  [12-4}.  Certain  thickening  of  the  joint  of  welding 
provides  the  mechanical  strength  of  bonded  contact.  /4s  the  added 
material,  which  forms  the  joint  of  welding,  are  utilized  the  rods  of 
the  material  of  the  joined  busbars  (with  connection  copper  -  aluminum 
applies  aluminum). 


iJelding  points  tincture  with  the  same  paint,  as  busbar. 


With  technical  control  MEG  it  is  recommended  [12-5]  to  use 
extensively  welding  collecting  mains  and  branchings  from  then.  In 
this  case  the  attachment  of  stand-off  insulators  must  be  carried  out 
so  that  it  would  be  possible  to  change  then  without  cutting  of  the 
welded  busbars. 

The  connection  of  rectangular  busbars  with  pressure  (pressure 
welding)  is  based  on  the  property  of  metals  to  diffuse  into  each 
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other  under  the  action  o£  large  pressure,  in  resulting  the  eetals  are 
poured  into  aonolithic  (homogeneous)  lass. 
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Connection  is  fulfilled  overlapping  (Fig.  12-2b) ,  the  length  of 
overlapping  1  and  a  nueber  place  of  the  depression  of  2  metals  depend 
on  the  sis*s/di sessions  of  the  coabinable  busbars.  The  depression  of 
the  aetal  of  busbars  is  .fulfilled  on  special  hydropress  with  the  aid 
of  punches*  Before  the  connection  the  prepared  surfaces  of  busbars 
nust  be  purified  froa  the  file  of  oxide  and  grease. 

For  protection  froa  oxidation  the  points  of  connection  of 
busbars  by  pressure  tincture  eith  the  saae  paint,  as  busbar.  The 
points  of  connection  of  copper  busbars  with  aluainua  ones  cover/coat 
with  two  layers  of  transparent  glyptal  varnish. 

The  connection  of  busbars  by  pressure  possesses  in  essence  the 
saae  nerits  as  the  connection  of  busbars  by  welding.  It  is 
raconnended  to  apply  it  ia  all  cases*  except  the  execution  of  the 
sets  of  busbars  of  chains  of  generators,  installations  for  their  own 
needs,  the  cells  of  the  transforsers  with  a  power  of  20  nva  and  more, 
and  also  installations  subjected  to  vibration  (taps/cranes,  vessels. 
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etc.)  (1.  12-6]. 

91th  the  aid  of  special  tongs/aites  it  is  possible  to  also 
coaaect  by  pressor#  in  joint  single- wire  vires.  Such  connections 
possess  very  low  contact  resistance  and  large  aechanical  strength. 

Connection  of  rectangular  busbars  with  the  aid  o£  bolts.  Are 
distinguished  t*o  basic  versions  of  this  connection  of  the  busbars: 
connection  by  through  bolts  (Fig.  12.3a,  b  and  c)  and  connections 
with  the  aid  of  clanping  cover  plates  (Fig.  12-3d  and  e) . 

By  an  essential  deficiency /lack  in  the  connection  of  busbars 
through  bolts  is  the  need  for  the  preliainary  careful  marking  of 
busbars,  and  then  their  drilling.  Mith  the  lap  joint  of  the  axis  of 
the  joined  busbars  they  do  not  coincide  (Fig.  12- 3a),  for  eliminating 
what  if  necessary  one  of  the  joined  busbars  nust  be  bent  (Fig. 

12- 3b).  By  butt  joint  with  the  aid  of  tvo  (or  one)  cover  plates  (Fig. 
12- 3c)  it  is  possible  to  avoid  curvature  of  one  indicated  of  the 
busbars,  but  due  to  considerable  complication  and  rise  in  price  of 
the  connection:  is  aore  the  expenditure  of  the  busbars  (cover  plates 
sake  fros  the  joined  busbars),  it  is  necessary  to  process  large 
contact  surface  and  to  drill  larger  nunber  of  holes,  is  reguired  more 
than  bolts.  Furtheraore,  with  butt  joint  is  aore  contact  resistance 
and  is  less  its  stability  during  short  circuits.  Therefore  the 
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connection  of  busbars  in  joint  sitb  the  aid  of  through  bolts  to  apply 
is  not  recoanended. 

The  connection  of  busbars  with  the  aid  of  clasping  cover  plates 
and  bolts  (Fig.  12-3d  and  e)  is  considerably  simpler,  since  is  not 
required  Barkings  and  drillings  of  openings/apertures.  Furthermore, 
this  connection  is  characterized  by  saaller  contact  resistance  and 
larger  sechanical  strength,  'kith  the  operating  currents  of  6  00  /land 
is  nore  necessary  to  apply  cover  plates  or  bolts  froa  nonmagnetic 
aaterial  for  an  increase  in  resisting  to  magnetic  flux  and  decrease 
of  induction  in  the  steel  parts  of  connection,  which  leads  to  the 
decrease  of  heating  froa  hysteresis  and  eddy  currents  of  fasteners 
and,  consequently,  also  contact. 
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Fig.  12-3.  Contact ion  oi  rectangular  busbars.  a  and  b)  by  the 
overlapping  through  bolts;  c)  in  joint  by  the  through  bolts;  d  and  e 
with  the  aid  of  clasping  cover  plates. 


Key:  (1).  Bolt. 


Page  189. 

A  deficiency/lack  in  the  bolted  joints  is  the  inconstancy  of 
contact  resistance  which  in  the  course  of  tiae  increases,  which  lead 
to  overheating  of  contact  and  farther  increase  in  its  contact 
resistance.  The  faadaaental  reason  for  this  is  decrease  of  pressure 
in  contact  as  a  result  of  the  change  in  the  tightening  of  bolts, 
caused  by  different  expansion  daring  heating  of  aluainua  or  copper 
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busbars  and  steel  bolts* 

The  oxidation  of  contact  surfaces  sharply  increases  contact 
resistance  and  heating  of  bolt  contact.  For  eliminating  the  film  of 
oxide  is  necessary  the  disaaatling  of  contact*  that  is  connected  with 
the  prolonged  cutoff /disconnection  to  counterpart  electrical  device. 
In  order  to  avoid  this*  it  is  necessary,  in  the  first  place,  to 
fastening  to  thoroughly  clean  contact  surfaces  from  the  film  of  oxide 
and*  to  secondly  protect  holt  contacts  fron  the  subsequent  oxidation 
in  operation.  The  latter  is  reached  by  deposition  on  the  contact 
surfaces  of  the  aetallic  shielding  anticorrosive  coatings  (layer  of 
natal  will  be  deposited  in  the  soltea  state  or  galvanically)  and  by 
hereetically  sealing/pressurising/sealing  the  contact  connections, 
which  eliaiaates  air  inlet  to  the  places  of  the  contact  of  contacts. 

Contacts  fron  copper*  brass  and  bronse  frequently  shield  from 
oxidation  by  the  thin  layer  of  tin  or  alloy  of  tin  and  lead.  Such 
tinplated  contacts  possess  sosewhat  high  contact  resistance  (to 
30-50o/o)  in  comparison  with  resisting  of  pure/clean  unoxidized 
contacts*  but  this  is  compensated  by  the  fact  that  it  does  not 
grow/rise  in  the  subsequent  operation. 

The  tinplating  of  copper  contacts  is  necessary  in  external 
installations*  in  the  locations  danp/crude*  which  contain  reactive 
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gases,  and  at  teaperature  of  air  of  higher  than  60°c.  During  mounting 
under  the  sane  conditions  is  necessary  heraetic 
sealing/pressurization/sealing  copper  contacts,  achieved  by  the 
teofoli  coating  of  the  external  contact  surface  and  joints  by 
transparent  glyptal  varnish. 

Heavy-current  copper  contacts  in  external  installations  and  in 
daap/crude  locations  it  is  expedient  to  shield  by  the  anticorrosive 
file,  superin  posed  galvanically.  The  best  results  gives  silver 
plating  of  contacts,  since  silver  in  air  is  not  oxidized,  but  it  is 
covered/coated  with  the  file  of  sulfide  of  silver  (Ag3S),  the  forming 
daring  the  resolution  of  hydrogen  sulfide  air  in  the  presence  of 
oxygen.  The  conductivity  of  sulfide  file  is  close  to  the  conductivity 
of  silver;  therefore  the  covered  with  silver  contacts  do  not  change 
their  properties. 

Steel  contacts  in  all  cases  should  be  tinned  and  hermetically 
seeled  the  dual  layer  of  glyptal  varnish. 

Ilueinua  in  air  greatly  intensely  is  oxidized  during 
considernble  resisting  of  the  file  of  oxide.  Therefore  in  all  cases 
aluainun  bolt  contacts  ere  fulfilled  as  follows.  To  the  fastening  of 
aluainea  contact  surfaces  they  clean  under  the  layer  of  the  petroleum 
jelly,  which  shields  thee  froe  oxidation.  Then  the  layer  of 


DOC  -  7*13*112 


coitaiiuttd  petrols  ua  jelly  ia  driven  oat  end  will  be  deposited  the 
thin  layer  of  pare/clean  petroleaa  jelly.  With  fastening  in  the 
places  of  the  real  contact  of  contacts  the  petroleua  jelly  is 
estrnded,  bat  it  reaains  in  gap  between  contacts  how  is  provided  the 
airtightness  of  connection.  So  that  in  the  process  of  work  petrol e an 
jelly  woald  not  ensae/escnpe/flow  out,  contact  connection  they  twice 
cover/coat  with  glyptal  varnish  [i.  12-*]. 

To  deficiencies/lacks  ia  the  bolted  joints  one  should  relate 
also  the  presence  of  energy  losses  in  fasteners. 

The  terninals/grippers  of  electrical  apparatuses,  aachines  and 
traasforners  are  fulfilled  froa  copper  or  brass.  Therefore  in  open 
distributive  devices  and  in  the  daap/crude  locations  it  cannot  be  of 
the  alueinus  ones  of  busbar  directly  connected  by  bolts  to  the 
terninals/grippers  of  apparatuses  and  nachines.  it  is  known  that 
contacting  copper  (brass)  and  aluainun  fora  the  electrolytic  pair, 
which  possesses  a  potential  difference,  equal  to  1.86  v  (potential 
nr  conoer  in  relation  to  hvd>,o<-en  eouala  t-0 .  S0''',  nnd  o4*  a  lu’’’’4  nur  - 
-1,1*1  ir)  .  The^e  ',o"n  4  n  the  c->cc  ’•.’he’-’e  ~,o4  nt'i”e  con*-  *>4  r~  d^elve^ 
na.lt,  4 ,  e ,  ,  bein'*  an  r*"1  ect”nl',te  ,  nenet^n^ss  to  conne**  — 
a  1  nr*>4  n'lTa  contact,  Inca1  c,i**,,orta  a*’4  fs»  Mnda"  the  action  o4*  the 
indicated  fb  rpG”pac°  potent4  a i  ch  '••’use  m  elect^olwtl. c 

nrcntnn,i*i<or1  bv  4"t-.ena4,,e  CO-"-ep4on  o  41  the  al  UT"4  nu“  n*>»'t  O 41  tbe 
contac*- .  An  •>  """-’lU  o'*  *'h4e,  the  contact  d  a  HAr-f-ovpr1  mtd  ck^r ,  which 
*".av  be  t^e  "Paeon  4*o*»  e^-4  o-ia  de— a^e.  .  "o  n-ewnt  tb4  a  ,  anec4ai 


one 


701  9l  o 


intermediate  demos  consi  st^ n^  o*  welded  n1umi.num  end  cowe”  part* 
are  emnlo”ed  in  the  Indicated  units  to  connect  oluminu*"  busses  to 


Conner1  (trass)  e">nmnn  o'*  annanatnses.  On  exmole  car  be  orovided  bv  a 

to  Pi '  a  - 

corner— a1  uni  nun  transiti  on~"n'i  cb  ^  u«=ed  when  connectin'*  an 

aluminum  bun  to  a  **lat  damn  o^  an  annmatuo. 


n  r,  -r>  ’no 

-  M  f  ]  —  —  >  ~  • 


Sometimes .  *’or  the  name  nu,*t>oses  a  conne**  nr  ate  ■**  weeded  on  an 
aluminum  bun.  mhe  pla+fi  d no  comen  1  r  contact  Ti,i  th  the  aooa*»*tus  clam 
(TM  r ,  l?-hh).  Tn  a1 1  these  cases ,  there  a»»e  holt  connect1  orn  o"  cc1" 
jonnp"  vl  ^h  Connp”;  t1ie’,e<,o*,e  ,  cop^od  on  o'*  *-he  hur-non  dono  not 
occur . 

Hie  direct  connection  or  alum'  rum  hunen  to  amaratus  c1'>-nc  **J  *-u 
ho^ts  in  remitted  in  covp"cd  distributin'*  ,,o,'ices.  mhe  cm  nr” 
transient  elates  (T?ro.  wh*  ch  me  c-nlovpd  in  these  cases 

have  another  rumose  —  to  reduce  the  contop*-  "oH  stance  a.t  the 
nlace  where  the  bun  in  connected  to  the  ecn1n”">n*'  clam,  whi.ch  cm 
have  substantial  si"r,*  **  oance  with  1  ar~«  one^tin-  curorts . 

Hie  oua.iti.tv  op  a  bolt  contact  c’n  be  indeed  ',r.ori 
th*  Tiln  of  its  alactclcal  caa  lata  ace  which  at  temperature  of  busbar 
of  70*C  aaat  not  exceed  to  aora  than  20o/o  resisting  of  whole  section 
of  busbar,  equal  to  tha  length  of  contact  connection,  and  according 
to  its  hasting  taaperatura  which  nuat  not  be  nore  than  the 
te ape rat ora  of  tha  whols  section  of  bnsbar  at  a  distance  of  1.5-2  n 
froa  coat act. 
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Everything  Mid  previously  is  related  also  to  the  execution  of 
the  brackiigs  of  busbars  {Pig.  12-5) . 

Connection  and  branching  of  fioziblo  stranded  wires.  Plexible 
stranded  wires  connect  with  the  aid  of  the  sane  terninals/grippers 
with  redaction  or  by  pressing  ns  the  wire  of  aerial  lines  r  1.  7-1% 
Branchings  fron  patch  cords  and  their  connection  to  the 
terninals/grippers  of  apparatuses  fulfill  with  the  aid  of  the  pressed 
terninals/grippers.  k  siailar  branch  terninal  is  shown  in  Pig.  i2-6a. 
Drive  1,  fron  which  is  fulfilled  the  branching,  they  pass  through 
tube  with  2  and  housing  of  3  terninals/grippers.  wire  branchings  5 
introduce  into  tube  4  terninals/grippers.  By  the  special  press  of 
tube  with  2  and  4  press  around  wires  how  is  created  the  reliable 
contact  connection  of  wires  with  ternina 1/gripper. 

Pig.  12- 6b  shows  the  pressed  apparatus  tereinal/gripper.  The 
tube  of  7  terninals/grippers  is  pressed  around  wire  6.  Plat/plan«  cap 
8  with  openings  9  serves  for  the  connection  by  bolts  to  the 
terninal/gripper  of  apparatus. 


The  pressed  terninals/grippers  are  very  reliable;  therefore 
recently  then  are  used  extensively  during  the  aounting  of  patch  cords 
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la  the  distributors  of  all  voltages. 

Bar liar  la  iistribators  wars  applied  bolt  terainals/grippers.  An 
aaaapla  is  given  in  Pig.  12- 6c  iastraaent  roon  bolt  terainal/grioper. 
Bara  sire  10  is  jaaaad  in  the  boosing  of  13  terainals/grippers  with 
the  aid  of  sera*  dies  11  and  bolts  12.  is  with  any  bolted  joint,  the 
tightening  of  bolts  in  the  coarse  of  tine  weakens,  which  leads  to  an 
increase  la  contact  resistance  aad  overheating  of  contact.  As  a  rule, 
contact  resistance  of  bolt  claaps  is  always  aore  than  the 
terainals/grippers  of  those  pressed,  it  present  bolt 
terainals/grippers  apply  only  as  an  exception  in  the  absence  of  the 
pressed  terainals/grippers  as  teaporary/tine  [1.  12-4]. 
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fig*  12-%.  TrauitBt  plates  for  the  coanection  of  aluainua  busbars  to 
the  copper  (brass)  terninals/grippers  of  apparatuses. 

Key;  (l).Veldiag.  (2)*  Balding  point  with  aluainua  busbar.  (3). 
Aluainua  basbar.  (4).  ftluninide*  (5).  Copper  transient  plank.  (6). 
Bashar*  (7|*  Housing  of  apparatus* 


rig.  12-5*  Branching  of  ractaagalar  busbars,  a)  by  the  overlapping 
through  bolts;  b#  c  and  d)  overlapping  with  the  aid  of  clawping  cover 
plates* 
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Fig.  12-d*  •ranching  «ad  tppantu  teraiaals/grippers.  a)  branching 
pressed  bp  clasp;  b)  apparatas  pressed  tarainal/gripper;  c) 
iaatraaaat  rooa  bolt  tarainal/grippac. 

Paga  191. 

Apparatas  tsrainals/gcippars  for  alaalnoa  and  steel~alu minum 
alrea  ara  falf Iliad  froa  aluainua,  aoreoxer  on  the  flat/plane  part  o 
tba  tarainal/gripper  (8  in  Fig.  12-6b)  is  a  soldered  copper  plate, 
a kick  is  contacted  with  the  tarainal/gripper  of  apparatus. 

12~3.  Broken  and  slipping  contacts. 

the  slipping  contacts,  and  also  those  breaking  contacts  of  the 
disconnecting  apparatuses  shich  ara  not  intended  for  start  and 
cntof {/disconnection  of  circuits  for  the  currant  of  load  or  short 
circuit  (foe  exaaple,  the  contacts  of  disconnectors  or  the  make 


DOC  ■  79134812 


PACK 


contacts  of  those  switches  is  which  there  are  special  arcing 
contacts*  see  farther) *  they  sast  satisfy  the  general  requirements, 
preseated  is  §12*1.  Port her sore,  they  sast  possess  sufficient 
sechasical  strength*  i.e„*  sain tain/withstand  the 
estahlished/iast ailed  by  noras  nusber  of  process/operations. 

The  broken  contacts  nust  satisfy  the  following  suppleaentary 

regal resents: 

1)  with  catoff/disconnection  for  the  current  nust  not  be  of  the 
excessiwe  destruction  of  contacts  their  electrical  another,  that 
blocks  farther  exact  work; 

2)  upon  the  inclusion  to  the  existing  in  network  short  circuit 
sast  not  be  of  the  destruction  of  contacts  and  their  welding  as  a 
resalt  of  the  course  of  short-circuit  current. 

In  the  slipping  and  broken  contacts  the  necessary  pressure  in 
contact  is  prowided  by  using  the  elasticity  of  contacts  thenselves  or 
with  the  aid  of  steel  contact  springs. 

The  use  of  an  elasticity  of  contacts  thenselves  does  not  provide 
the  constancy  of  the  force  of  pressure,  but  thereby  also  the 
constancy  of  contact  resistance*  Kith  starts  and 
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ea tof f s/disconaections  elastic  contacts  sosevhat  are  defoned,  that 
also  loads  to  the  decrease  pressure  in  contact.  The  considerable 
overheating  of  such  contacts  leads  to  the  loss  by  then  of  elasticity 
(annealing  of  setal)  and  to  a  sharp  increase  in  contact  resistance, 
the  special  contact  springs,  not  streaalined  with  current,  provide 
sore  pernanent  pressure  in  contact. 

the  broken  and  slipping  contacts  lost  frequently  are  fulfilled 
fron  red  copper  or  fron  brass.  Such  contacts,  as  has  already  been 
indicated,  in  air  they  are  oxidized.  In  spite  of  saall  thickness  (cn 
the  order  of  25- 1 0~*  an),  the  fila  of  oxide  possesses  considerable 
electrical  resistance.  For  the  purpose  of  the  decrease  of  the  effect 
of  oxidation  on  contact  resistance  construct  the  contacts,  so  that 
the  interrupting  and  their  closing/shorting  would  be  accompanied  by 
the  slip  (friction)  of  one  contact  on  another,  in  this  case  the  thin 
fila  of  oxide  breaks  down  itself  and  is  driven  out  with  the  area  of 
the  real  contact  of  contacts  -  occurs  the  self-purification  of 
contacts.  Than  aore  the  concentrated  force  of  nutual  pressure,  the 
better  the  self- purification  of  contacts,  the  less  contact 
resistance. 

They  recently  widely  practice  silver  plating  of  the  contacts, 
which  work  in  air.  frequently  to  copper  contacts  are  welded  on  the 
silver  strips,  on  which  the  contacts  are  contacted. 
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High  valaa  has  the  electrodynaaic  and  thernal  resistance  of 
contacts  with  the  coarse  of  short-circuit  current.  The  destruction  of 
insufficiently  aechanically  durable  contacts  under  the  action  of 
electrodynaaic  forces  with  the  course  of  iepact  short-circuit  current 
entails*  as  a  rule,  considerable  daaage  of  apparatus*  and  in  a  number 
of  cases  and  its  full/total/cosplete  destruction,  which  can  be  the 
reason  for  very  serious  eaergeacy. 

If  contacts  are  controlled  badly/poorly*  i.e.*  if  the  real  area 
of  their  contact  is  snail*  and  contact  resistance*  therefore,  is 
great*  then  with  the  course  of  short-circuit  current  is  feasible  the 
excessive  overheating  of  contacts  and  their  fusing  in  the  places  of 
real  contact  -  contacts  can  be  selded.  It  is  understandable  that  the 
broken  or  slipping  contacts  cannot  fulfill  the  entrusted 
on  then  functions. 

Since  contacts  are  contacted  in  the  United  nunber  of  points, 
then*  as  noted  above*  between  then  appear  the  electrodynanic  forces, 
which  attenpt  to  nove  aside  one  contact  fron  another*  what 
counteracts  the  external  force*  which  presses  contacts  friend  and  to 
friend.  The  less  a  nunber  of  points  of  contact  of  the  fangency  of 
contacts  and  the  greater  the  flowing  current*  the  greater  the 
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elect rodynaaic  force  indicated*  Kith  the  badly/poorly  controlled 
contacts  with  the  coarse  of  inpact  short-circuit  current  this  force 
can  exceed  the  force  of  pressure  in  contacts  and  they  can  somewhat  be 
radiated.  In  this  case  between  then  arises  the  arc.  it  is  strong 
their  fusing.  The  subsequent  approach  of  contacts  after  reduction  in 
carrent  of  short  circuit  leads  to  their  welding. 

Page  192. 

In  nany  switches  with  the  course  of  short-circuit  current  occurs 
interaction  of  current  in  their  separate  current-carrying  parts,  and 
also  current  in  the  latter  with  current  in  the  supplying  busbars. 
These  electrodynanic  efforts/forces  also  decrease  the  pressure  in 
contact,  result  of  which  can  be  its  overheating,  fusing  and  welding. 

for  the  purpose  of  increase  in  the  stability  of  contacts  wi+h 
the  course  of  short-circuit  currents  atteapt  to  construct  contacts  so 
that  the  taking  place  on  the  current-carrying  current  elements  of 
short  circuit  would  create  the  supplenentary  effort/force,  forcing 
contacts  against  each  other.  As  the  exanple  of  this 
construction/design  can  serve  contacts,  given  in  Pig.  12-9.  Here 
fixed  contacts  are  carried  out  in  the  forn  of  T-shaped  contact 
supports  1.  which  are  encoapassed  by  two-band  slide  contact  2,  which 
rotates  on  axis  3.  with  course  on  the  bands  of  the  slide  contact  of 
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short-ci  remit  currant  they  autamlly  are  attracted/tightened,  than  is 
provided  am  increase  of  the  pressure  in  contact. 

■ith  the  cutoff /disconnection  of  circuit  for  the  current  between 
the  contacts  of  switch  appears  the  electric  arc.  since  the 
temperature  of  the  cathode  spot  coaposes  approxiaately/exemplari  1  y 
1500*C  and  it  considerably  exceeds  the  aelting  points  of  the  metals, 
generally  accepted  for  contacts  -  copper  (-1080°C),  brass  (~900°c)  , 
silver  (-960*C) *  then  under  the  action  of  arc  occurs  the  partial 
fusing  of  the  netal  of  contacts*  which  is  accoapanied  by  certain 
spattering  of  netal  and  by  its  evaporation  in  arc. 

Therefore*  on  possibility*  contacts  aust  be  carried  out  so  that 
the  arc  would  not  break  down  those  working  contact  surfaces  through 
which  flows/occurs/lasts  the  current  in  the  connected  position  of 
switch.  The  fusing  of  working  contact  surfaces  leads  to  excessive 
increase  in  their  contact  resistance  and  overheating. 

If  the  condition  indicated  is  iapracticable,  and  at  the  high 
valees  of  rated  current  they  also  supply  switches  with  two  types  of 
contacts  -  by  worker  and  arc-suppression. 


Rake  contacts  are  designed  for  prolonged  flow  of  the  current 
about  thu  loud  with  tha  connected  switch  and  are  not  intended  for  the 
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disruption  of  arc.  Through  than  flows/occurs/lasts  the  short-circuit 
cnrrnnt  with  the  locked  switch.  Therefore  sake  contacts  nust  have 
least  possible  contact  resistance.  Their  sizes/dinensions  are 
deternined  fron  cooling  conditions. 

The  arcing  contacts,  parallel  to  sake  contacts,  are  intended  for 
the  disruption  of  arc  and  are  designed  only  for  short-term  flow  of 
current  is  the  process  of  the  cutoff/disconnection  of  switch,  in  the 
connected  position  of  the  switch  through  arcing  contacts 
f 1 evs/oec or s/ lasts  only  a  snail  fraction  of  the  current  of  load, 
since  resisting  of  the  outline  of  arcing  contacts  is  always  more  than 
resisting  of  parallel  circuit  of  sake  contacts. 

About  arcing  contacts  flow  the  considerable  disconnected  current 
(short-circuit  current  or  current  of  load)  it  is  only  short-term  in 
the  process  of  the  cutoff/disconnsction  of  switch;  therefore  their 
sizen/dlnsnsions  are  usually  saall  in  conparison  with  the 
slzes/diasnsioas  of  the  aake  contacts  of  switch.  At  the  same  time 
arciag  contacts  pick  up  entire  gravity  of  the  disruption  of  arc,  why 
they  nust  bs  especially  stable  with  respect  to  its  destructive 
action. 

In  tha  prnssnce  of  working  and  arcing  contacts  the  movable 
systen  of  svitchos  is  fulfilled  so  (Fig.  12-7).  that  with 
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cutoff/disconnection  first  diverge  sake  contacts  (2  and  3)  ,  and 
arc-suppression  (S  and  6)  for  a  while  they  reaain  still  locked,  and 
through  then  f lows/occ nr s/lasts  entire  disconnected  current.  After 
the  sake  contacts  ace  radiated  up  to  the  sufficient  distance,  with 
which  is  already  iepossihie  the  onset  on  thea  of  arc,  begins  chain 
cleavage  with  the  arcing  contacts#  on  which  is  foraed  the  arc.  Upon 
the  inclusion  of  switch  the  contacts  are  closed  in  reverse  order. 
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Pig.  12*7.  Schematic  of  the  sorbing  and  arcing  contacts  of  oil 
breaker  with  snail  spaco  of  oil*  1  -  contact  crosshead;  2  -  movable 
aake  contacts;  3  -  not ionless  aako  contacts;  4  -  tank;  5  -  movable 
arcing  contacts;  6  -  aotionioss  arcing  contacts. 

Page  193. 

Tbas  are  retained  expensive  and  aassive  nake  contacts.  The  caps  of 
arcing  contacts  in  proportion  to  wear  replace. 

The  disconnecting  apparatuses,  not  intended  for  chain  cleavage 
for  current  (for  exaaple,  disconnectors)  ,  have  only  aake  contacts. 

For  the  purpose  the  decreases  of  destruction  of  contacts  under 
the  action  of  electric  arc  is  a  number  of  cases  fulfill  arcing 
contacts  or  their  caps  of  the  refractory  netals  and  the  connections, 
•ecoaaended  sell  themselves  corset  connections  fron  silver  or  copper 
with  tungsten  or  nolybdenua.  Connections  aade  of  silver  and  tungsten 
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are  aost  idfiaibli  foe  the  contacts,  which  work  in  air,  while 
connections  fron  copper  and  tungsten  or  copper  and  molybdenum  -  for 
the  contacts,  which  wort  under  oil.  Tungsten  or  aolybdenum  give  to 
cerneic  eetal  hardness  and  high  salting  point  (high  arc  resistance) . 
Copper  and  silver  give  sufficiently  high  electrical  conductivity. 

Opon  the  slow  inclusion  of  switch  at  the  first  nonent  of  the 
contact  of  contacts  the  pressure  between  then  in  the  place  of  contact 
can  be  snail.  If  the  included  current  is  great,  then  in  the  place  of 
initial  contact  of  contacts  is  separated/liberated  a  large  quantity 
of  heat,  and  contacts  strongly  are  fused;  after  the  termination  of 
start  and  cooling  the  contacts  can  be  welded.  Is  especially  great  the 
danger  of  welding  contacts  during  their  slow  approach  in  the  case  of 
the  inclusion  to  the  existing  in  network  short  circuit.  For 
preventing  this  should  be  always  aore  rapidly  possible  switched  on 
the  switch.  The  greater  the  rate  of  the  notion  of  contacts,  the  less 
the  danger  of  their  welding. 

Opon  rapid  start  is  unavoidable  the  inpact  of  slide  contact 
about  notionless  at  the  nonent  of  their  initial  contact.  In  this  case 
the  contact,  connected  with  spring,  can  bounce  or  begin  to  jar.  The 
appearing  short  arcs  fuse  contacts,  which  can  lead  to  their  welling 
after  the  teraination  of  start. 
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For  the  purpose  of  prevention  this  necessarily  the  specific 
pressure  betveea  contacts  at  ths  aoasnt  of  their  first  contact,  is 
reached  this  by  ths  appropriate  tension  of  contact  springs,  in  this 
case  oae  should  reneaber  that  if  the  insufficient  pretensioning  of 
contact  springs  can  lead  to  bouncing  of  contacts  at  the  nonent  of 
their  initial  contact,  then  excessive  spring  tension  will  increase 
the  rigidity  of  start,  and  also  the  effort/force,  necessary  for  the 
start  of  snitch. 

In  operation  the  elasticity  of  contacts  and  springs,  and  also 
the  tightening  of  the  latter  can  change  as  a  result  of  nechanical 
jolts  nith  starts  and  cutoffs/disconaections  also  of  the 
electrodyaaaic  and  theraal  actions  of  short-circuit  currents.  As  a 
result  of  this  increases  contact  resistance  and  teaperature  of 
contacts.  Therefore  it  is  necessary  to  thoroughly  follow  so  that  the 
contacts  tightly  and  with  sufficient  force  would  fit  closely  to  each 
other,  for  nhich  then  they  will  periodically  inspect  and  if  necessary 
regulate  and  they  pull  springs. 

Depending  on  forn  the  broken  and  slipping  contacts  are  contacted 
over  surface  (surface  contact),  along  line  (linear  contact),  also,  a* 
one  point  (point  contact). 

Surface  contact  can  have  the  flat/plane  or  curvilinear 
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contacting  surfaces.  The  surface  contacts  include  the  exaained  into 
}12-2  rigid  (sotionless)  contact  compounds. 

In  surface  contact  a  nuaher  of  points  and  size s/di sen si cns  of 
the  real  areas/sites  of  the  contact  of  contacts  are  relatively  small 
even  under  the  large  force  of  pressure  in  contact.  Hith  the  bolt 
contacts  possibly  is  achieved  los  contact  resistance,  in  the  first 
place,  by  applying  several  bolting,  since  each  of  then  gives  certain 
naaber  of  points  of  contact  of  tangency,  and,  in  the  second  place, 
via  the  tightening  of  holts  by  the  considerable  force,  equal  to 
several  hundred  kilograas  to  bolt. 

The  force  of  pressure  ia  the  broken  and  slipping  contacts  at 
best  conposes  several  ten  kilograas,  in  consegoence  of  which  contact 
resistance  of  surface  contacts  proves  to  be  considerable,  in  increase 
in  the  sises/dinensions  in  the  contacting  surfaces  does  not  bring,  as 
is  kaova,  to  a  decrease  in  contact  resistance;  therefore  for 
decreasing  contact  resistance  are  fulfilled  surface  contacts  of 
several  parallel  contact  eleaents/cells,  equipped  with  the 
iadependeat  contact  springs  (it  is  sisiiar  to  eleaents/cells  1  and  1* 
in  fig,  12-13) . 
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Than  of  a  larger  nuaber  of  contact  eleaents/cells  consists  surface 
contact,  the  loss  its  contact  resistance  and  thereby  to  larger 
operating  car rent  it  can  ba  carried  oat. 

The  least  slant  of  oaa  contact  surface  with  respect  to  the  other 
leads  to  a  sharp  decrease  of  a  number  of  points  of  contact  of 
ta agency  (in  limit  to  one  point)  and  an  increase  in  transient 
resistance;  therefore  surface  contacts  require  very  careful  control 
and  attentive  supervision  in  operation.  In  the  best  position  prove  to 
he  the  self-ad justing  contacts,  when  one  of  the  contacts  can  be 
established/installed  freely  relative  to  the  other.  Such  contacts 
usually  are  contacted  not  less  as  at  three  points  (Pig.  12-I2b). 

after  each  cutoff /disconnection  and  inclusion  the  surface 
contacts  in  practice  are  contacted  at  different  points;  therefore 
with  process/operations  with  then  badly/poorly  is  cleaned  the  film  of 
oxide  and  contact  resistance  of  then  is  very  variably  and  in  the 
process  of  operation  is  changed* 

In  the  badly/poorly  controlled  surface  contacts,  which  have  a 
snail  aaaber  of  points  of  contact  of  tangency,  with  the  course  of 
short-circuit  current  appear  the  very  considerable  electrodynamic 
forces,  vhich  atteapt  to  finish  harvesting  contacts  fron  each  other. 
Contacts,  and  especially  their  spring  nust  be  calculated  for  these 
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forcts,  ilict  otherwise  they  Mill  he  destroyed  with  the  course  of 
short-circuit  current. 

Surface  contacts  usually  possess  high  theraal  resistance,  since 
the  considerable  eass  of  contacts  provides  good  reaoval  of  the  heat, 
which  separates  in  the  places  of  their  contact. 

Linear  contact  is  foraed  with  the  contact  of  cylindrical  surface 
with  plane*  with  contact  on  the  generatrix  of  two  cylindrical 
surfaces  and  the  like  (Pig.  12-8#).  Strictly  speaking,  linear  contact 
is  the  very  ridge  on  which  are  arranged/located  real  points  of 
contact  of  tangeacy. 

The  applied  to  linear  contact  effort/force  is  distributed  to  a 
snail  contact  sarface  how  is  reached  large  specific  pressure  in 
contact.  Therefore  with  the  sawe  force  of  pressure  a  number  of  points 
of  real  contact  in  linear  coatact  easily  can  be  obtained  in  any  case 
not  less,  hot  freguently  also  it  is  sore  than  in  surface  contact. 

If  daring  closing/shortiag  and  interrupting  linear  contact  one 
of  the  contacts  slips  ovar  tha  surface  of  another,  then  because  of 
considerable  specific  pressure  ia  contact  the  thin  fila  of  oxide  of 
aetal  easily  breaks  down  itsalf  and  is  driven  out  from  contact 
surface,  as  a  rasult  of  which  contact  resistance  of  contact 
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dtcctUM.  Vital  iaportaoca  ha a  that  the  fact  that  with  linear 
contact  la  aora  is  definitely  fixed/recorded  the  area/site  of 
contact. , 

Than,  linear  contacts,  as  a  rule,  possess  saaller  and  more 
peraaneat  contact  resistance  la  comparison  with  surface  contacts. 
According  to  experiaeatal  data  £1.  12-7],  in  the  region  of  the 
cooperatively  saall  pressures  which  occur  in  the  contacts  of  the 
disconnecting  apparatuses  othor  conditions  being  equal  contact 
resistance  of  the  copper  linear  contacts  is  2-3  tines  less  than 
surface  onee. 

■ith  linear  contacts  also  is  considerably  simpler  their  control, 
since  to  nore  easily  ensure  the  correct  contact  of  plane  with 
cylinder,  than  two  surfaces,  for  example,  certain  slant  of  contact 
support  in  Pig.  12-10  (it  is  shown  by  dotted  line)  does  not  disrupt 
linear  contact. 

In  recent  years  in  the  disconnecting  apparatuses  of  all  voltages 
linear  contacts  to  a  considerable  degree  extruded/excluded  the  less 
ideal  sarface  contacts. 

Point  contacts  are  forned  with  the  contact  of  spherical  surface 
and  plane,  two  spherical  surfaces,  etc.  la  point  contact  the  contact 
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ia  practice  occurs  In  oas  arsa/aita  of  very  saall  sizes/dimensions . 
Point  eontact  is  characterized  by  largo  spocific  pressure  and  good 
fixatioa  of  tbs  place  of  contact*  which  provides  the  constancy  of 
contact  resistance,  especially  if  with  process/operations  hemisphere 
slips  on  the  plane*  i.e«*  if  proceeds  self-cleaning  from  the  film  of 
oxide  of  natal. 

la  point  contacts  is  saall  the  aass  of  the  aetal,  adjacent 
directly  to  the  surface  area  of  contact.  This  nates  the  reuoval  worse 
of  the  heat*  which  separates  ia  the  place  of  the  transition/ junction 
of  current  froa  one  contact  to  another.  Therefore  point  contacts  are 
been  coaaoaly  used  with  cooperatively  snail  both  the  operating 
currents  aad  short-circuit  currents  (cooperatively  low  thermal 
resistance) . 

By  design  are  distinguished  the  contacts:  springing,  lamellar, 

finger /pi a*  socket,  end- type  and  brush. 

Page  195. 

The  springy  contacts  are  applied  nainly  in  knife  switches  and 
safety  devices/fuses;  earlier  then  were  applied  also  in 
disconnectors. 
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The  siaplest  springy  contact  (Pig.  12-8a-c)  in  essence  consists 
a C  tli*  aotion  less  springy  contact  supports  1  various  for  is  and  moving 
contact  knife  2.  Upon  start  tli*  knife  enters  between  contact  springs, 
so  new bat  ssparating/expanking  then,  and  it  is  fastenned  between  them. 
Pressure  in  contact  provid*  tke  springy  contact  supports,  prepared 
froa  sufficiently  elastic  aaterial  -  to  bard-drawn  copper,  brass  or 
special  broax*.  For  guaranteeing  a  larger  nuaber  of  points  of  contact 
of  tangeecy  with  knife  contact  supports  usually  divide  into  several 
parts  (Pig.  1 2- 8c) . 

feeficiencies/lacks  in  these  contacts  they  escape/ensue  of  that 
satire  previously  presented:  the  difficulty  of  control,  inconstancy 
aad  sigaif leant  aagaitude  of  contact  resistance,  snail  stability 
during  short  circuits.  Kith  high  contact  resistance  and  in  the  course 
of  short-circuit  current  the  contacts  can  be  heated  to  the 
teaparature  of  the  annealing  of  copper,  after  this  the  springs  lose 
their  elasticity  and  pressure  ie  contact  it  decreases,  which  leads  to 
even  larger  heat leg  of  contact. 

To  deficiencies/lack a  in  tke  siailar  contacts  it  is  possible  to 
also  relate  the  considerable  expenditure  of  natal  for  contact 
sapports  and  lapossibi lity  of  pressure  adjustaent  in  contact. 


Soaevhat  best  is  tbe  coatact,  given  in  Pig.  12-8d,  in  which  is 
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provided  sappleneatary  steel  spring  3,  which  ensures  sore  constant 
pressure  in  contact. 

In  tho  nppnrntases#  nanafectured  at  present,  the  springy 
contacts  ^s^ally  are  fulfilled  with  linear  contact.  Por  this  either 
on  the  bands  of  knife  or  on  contact  supports  stamp  out  the 
seaicyliadrical  flanges,  which  create  linear  contact.  As  an  example 
fig.  12-8e  shows  this  contact,  equipped  with  strong  ring  spring  4. 
Spring  is  not  the  current-carrying  eleneat/cell  of  contact;  therefore 
its  annealing  and  loss  by  it  of  elasticity  little  are  probable, 
thanks  to  which  is  provided  constant  pressure  in  contact.  The 
advantages  of  linear  contact  were  discussed  above.  The  contacts  of 
this  constrection/design  are  applied  in  the  new  soviet  safety 
devices/fuses  of  low  voltage  of  the  type  P*2  (Fig.  14-7)  and  in  the 
new  constrwctions/designs  of  knife  switches. 

Lanellar  contacts  are  used  extensively  in  knife  switches  and 
disconnectors  for  internal  intallations.  Pig.  12-9  shows  the  simplest 
lanellar  contact  with  contact  on  the  plane.  Fixed  contacts  are 
carried  out  in  the  fora  of  T-shaped  contact  supports  1.  which  are 
encoapassed  by  the  bands  of  2  slide  contacts,  which  rotates  on  axis 
3.  Beads  2  are  pressed  against  suppport  by  steel  helical  springs  6. 
it  this  coastrnctioa/design  is  reached  considerable  aetal  savings  and 
is  provided  sore  constant  pressure  in  contact  in  conparison  with  the 
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springy  contacts.  Springs  6  nrs  not  the  current-carrying 
elenent s/cells  of  contact,  why  their  annealing  and  loss  by  then  of 
elasticity  are  scarcely  probable.  Pressure  in  contact  is  easily 
regelated  by  a  change  in  the  tightening  of  springs  (by  nuts  5) . 
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Pig,  12-9.  UMllir  area  contacts.  1  -  T-shaped  contact  support 
band  of  tbs  slid*  contact;  3  -  rotational  axis  of  the  bands;  4 
bolts;  5  -  not;  6  -  spring;  7  -  the  spacer. 


Key:  (1).  On. 
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Characteristic  feature  i .a  also  large  stability  daring  short  circuits, 
since  with  the  coarse  of  short-circuit  current  bands  are 
at tracte d/tight eaed  to  each  other. 

The  def iciencie s/l acts*  inherent  in  surface  contacts,  were  shown 
above.  Their  use/application  for  the  disruption  of  arc  is 
undesirable,  since  under  action  the  arcs  of  plane  strongly  are  fused, 
that  aakes  even  without  that  the  insufficiently  reliable  contact 

worse. 

Sore  advanced  is  the  laaellar  linear  contact,  given  in  Pig. 

12-10. 

Contact  consists  of  T-shaped  support  2,  which  is  encompassed  by 
the  bands  of  1  slide  contact.  These  beads  have  stanped/die-f orged 
spigots  3,  which  are  contacted  with  contact  stable  along  lines. 
Pressure  in  contact  is  created  by  steel  springy  clamp  4. 

Linear  contacts  aust  not  be  utilized  as  arc-suppression  ones, 
since  under  the  action  of  electric  arc  they  badly  break  down 

theaselves. 

Knife  switches  with  lanellar  surface  and  linear  contacts  usually 
have  the  suppleaentary  arc-suppression  caps  of  various  forms  from 
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brass  or  carbon/coal  (see  for  exaaple,  Pig.  15-2). 

i  deficiency/lack  in  tka  contacts  on  Pig.  12-9  and  12-10 

l 

iS  a  snail  distance  botvsoa  the  bands  of  slide  contact,  which 
in pedes  their  determination  to  aotionless  contact  support.  Even 
daring  the  snal  displacement  of  slide  contact  upon  start  plates  are 
struck  against  end  of  support,  which  inpedes  start.  For  elininating 
this  they  nonet ines  separate  several  to  the  sides  of  the  edge  of  th? 
bands  of  slide  contact  {in  the  part,  which  adjoins  the  support)  as 
that  it  is  shown  in  fig  12-9. 

There  is  no  this  deficiency/lack  does  not  have  the  lane liar 
linear  contact,  given  in  Pig.  12-11.  With  such  contacts  are  at 
present  supplied  soviet  disconnectors  for  internal  installation  to 

ft 

6r-10  kV  and  rated  currents  to  600  ^  (types  B?  and  RVO  -  see  chapter 
16).  Contact  supports  1  and  2  aro  Bade  froa  those  bent  at  the  right 
angle  of  the  copper  bands  which  are  encoapassed  by  the  bands  of  knife 
3.  The  lateral  surfaces  cf  supports  are  rounded  (which  is  not 
coapulsory)  how  is  provided  contact  along  line  (narrow  surface).  The 
plates  of  knife  are  pressed  against  supports  by  springs  4,  put  on  to 
rods  5.  Distance  tube  with  6  liaits  the  approach  of  the  band  of  knife 
in  off  position.  Kaifs  rotates  on  axis  7,  attached  in  bearinq  8.  The 
considerable  distance  between  beads  3  and  the  rounding  of  the  upper 
pert  of  support  1  lightens  ths  determination  to  it  of  bands  upon 
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Contacts  ars  equip  pod  with  forceps  type  lagnetic  lock,  which 
consists  of  two  steel  plates  9#  pat  on  to  rods  5.  On  other  ends  of 
these  plates  are  grooves  10*  entering  the  turnings  of  rod  11  and  axis 
7.  The  cu treat,  flowing  on  the  plates  of  knife,  creates  th  wagnetic 
flax  which  is  closed  on  steel  plates  and  air  gap  between  them.  Power 
flex  lines  attenpt  to  decrease  their  length  and  in  this  case  to  draw 
together  the  plates  between  the ese Ires. 

Plates  9  are  carried  out  in  the  fore  of  levers  of  the  second 
kind;  therefore  the  force,  which  forces  the  plate  of  knife  against 
sepport.  is  deterained  froa  condition  (Pig.  12-11):  rt  =  r(b/a),  where  f 
-  the  resalting  negnetic  force,  which  operates  on  the  plate  of  lock, 
•ith  the  aid  of  forceps  type  magnetic  locks  it  is  possible  to  obtain 
very  large  sapplesentary  pressures  in  contacts  with  the  course  of 
impact  short-circuit  current,  which  raises  the  electrodynamic 
stability  of  contacts. 


1 
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Pig.  12*11.  UNllir  IIimi  ooitactf. 


Pig.  12*11* .Coat acts  of  discoaaoctors  6*10  kv  to  rated  currents  to 
600  £  (disconnect or a  of  types  IT  and  HVO  for  intornal  installations). 

Pago  197. 

Pin  coatacts  (Pig.  12-12J  aro  nonaa If -adjusting  a  and 
sslf*adjastiag  b.  In  bot  coaatsuctions/dasigna  contact  brass 
fiagars/piaa  2  art  attached  oa  flexible  current-carrying  plates  3, 
which  consist  of  the  aeries/roa  of  thin  copper  plates,  Fingers/pins  2 
aro  pressed  against  tapered  contact  knife  1  (brass,  red  copper)  with 


DOC  «  7913*812 


PAGE 


the  aid  of  flat/plaae  stool  springs  4  and  5.  Platos  3  and  springs  4 
aad  5  by  boltod  to  rectaagulax  current-carrying  block  6  (contact 
holder) . 

Hoving  oloaoat/coll  in  pin  cortacts  it  can  bo  both  knife  1  and 
pia  contacts  theaselves  (kaif  is  fixed). 

In  tbo  nonsolf-ad justing  contacts  (Pig.  12-1 2a)  contact  pins  2 
and  platos  3  rigidly  (by  aid  of  rivets)  are  fastened  with  spring  4. 
Therefore  the  contact  pin  cannot  freely  be  adjusted  by  its  plane  on 
the  plane  of  the  knife;  the  contact  of  finger/pin  and  knife  occurs 
usually  in  a  snail  nuaber  of  points  (frequently  at  one-two  points) . 

In  the  self-adjusting  pia  contacts  (Pig.  12-I2b)  springs  4  are 
not  attached  to  fingers/ pins  2.  but  they  press  on  the  through 
henispheric  surface  of  7  on  the  contact  pin.  Therefore  the  finger/pin 
caa  be  turned  and  freely  be  superiaposed  on  the  surface  of  the 
contact  knife:  the  contact  of  finger/pin  and  knife  occurs  in  a  larger 
nuaber  of  points.  Claaps  8  block  the  displaceaent  of  fingers/pins 
upward,  also,  to  sides  with  cutting  between  then  of  contact  knife. 

Vith  the  course  of  short-circuit  current  the  attracting  force  of 
fiagera/pins  to  each  other  soaewhat  compensates  the  repulsiv  force, 
caused  by  the  overflowing  of  current  fron  finger/pin  to  the  knife 


_  A 
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throng*  a  aaall  noabor  of  points  of  contact  of  tangency. 

Fla  contacts  vidaly  aro  oscountsrad  in  oil  switches  and 
disconnectors.  Thoa  are  utilised  as  working  and  arcing  contacts.  Make 
contacts  fulfill  fros  several  pairs  of  the  pin  contacts, 
fastened/strengthened  to  general/coanoa/total  terninal  block  6,  than 
is  reached  the  independent  coatact  between  fingers/pins  and  contact 
kaife  and  as  i sere as  the  thereby  of  a  total  nusber  of  points  of 
contact  of  tasgescy. 

is  arcing  contacts  ace  applied  the  nonself-ad justing  pin 
contacts  with  easily  detachable  fingers/pins. 

Is  pis  contacts  proceeds  a  coaparat ively  weak  self-purification 
of  contact  surfaces  froa  oxide  fila.  Deficiency/lack  is  also  the 
presence  of  coatact  resistance  in  the  points  of  connection  of 
flexible  neabers  3  with  fingers/pins  and  terninal  block.  The 
oxidation  of  these  connections,  especiall  intense  with  the  work  of 
contact  in  air,  leads  to  overheating  of  contact. 

Recently  an  sake  contacts  they  were  adopted  siapler  and  more 
reliable  pin  contacts  without  flexible  nenbers  with  spiral  contact 
springs.  One  of  such  constructioaa/designs  is  shown  in  Fig.  12-13 
(the  aake  contacts  of  oil  breakers  of  the  type  HGG  -  see  §17-3). 
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Cob tact  pins  1  are  in  pairs  arranged/located  froa  both  sides  of 
contact  current-carrying  plat#  2 •  Thare  are  no  flexible  aeabers.in 
the  connected  position  fingers/pins  1  are  pressed  against  contact 
knife  3  and  against  contact  plate  2  with  the  aid  of  springs  4,  put  on 
to  the  bolts*  passed  into  openings/apertures  in  fingers/pins  1  and 
contact  plate  2.  Flanges  5  on  the  upper  part  of  fingers/pins  1 
fix/record  their  contact  with  plates  2. 
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Fig.  12-12. 

thtMtlftS. 


Pig.  12-13. 

bj:  (1}  Ob, 

Pago  198. 


r 


Fin  contacts,  a)  nonself-ad justing;  b)  adjusting 


^ia  contacts  of  oil  broakors  eith  snail  space  of  oil. 


tinring  closing/skorting  and  interrupting  the  contacts  flanges  s 
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•c*  rolled  on  plntos  2,  as  a  cosol t  of  which  barely  occurs  the 
self-purification  of  contact  surfaces,  soaewhat  better  clean 
theaselves  oith  sotaal  slip  fingers/pins  and  knife.  Tn  the  case  of 
tbs  sock  of  contact  in  air  foe  tbs  purpose  of  decrease  of  transient 
resistance  practices  silver  plating  of  fingers/pins  and  contacting 
oith  then  contact  surfaces. 

In  these  contacts  aotionles  elenent/cell  can  be  the  knife  or 
fingers/pins. 

Pin  contacts  can  be  carried  out  and  with  point  contact  as  this 
is  shown  in  Pig.  12-14.  not ionless  hemispherical  contacts  1  are 
fasteaed/strengthened  to  flexible  copper  connections/coawunications 
3.  Slide  contact  is  carried  out  in  the  for*  of  flat/plane  knife  5. 
Pressure  in  contact  create  flat/plane  steel  springs  4.  Flexible 
aenbers  3  end  springs  4  are  attached  by  bolts  on  terninal  block  2. 

During  closing/shortin  and  interrupting  knife  5  is  aoved 
vertically  (along  its  vertical  axis).  The  slip  of  contacts  1  along 
knife  provides  good  self-cleaning  of  contact. 

Is  lover  than  contacts  1  on  copper  plates  6  attached  brass  guard 
ring  7.  During  interrupting  of  the  contact  when  knife  5  is  moved 
downward*  the  arc*  arising  initially  between  the  ends/leads  of  knife 
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and  cob tacts  1,  is  aoved  froa  the  latter  to  guard  ting.  Thus, 
cost acts  1  ara  not  sabjactad  to  the  prolonged  effect  of  arc,  w hie 
increases  their  sere  ice  life.. 

Siailar  contacts  are  applied  in  snitches  to  snail  rated  currents 
and  snail  value  of  the  disconnected  short-circuit  current. 

Socket  contacts  (Fig.  12-15)  consist  of  several  contact  segments 
1#  which  fora  together  receptacle  -  the  hollow  cylinder,  cut 
lengthwise  on  part.  Bach  segneat  is  equipped  with  spring  2  and  is 
connected  by  current-carrying  connection/connunication  5  with  contact 
holder  8.  Springs  2  rest  into  ring  3,  on  which  there  aref langes  for 
the  springs  (in  sown  constructions/designs  receptacle  is  supplied 
with  the  housing,  into  which  rest  the  springs,  as  in  Fig.  12-16) . 

Slide  contact  4  fulfill  in  the  fora  of  rod  or  tube  by  diameter, 
soaewhat  greater  than  the  inside  disaster  of  the  coapressed 
receptacle.  Upon  start  the  rod  separates/expands  segments,  presssing 
springs,  than  it  is  provided  the  necessary  pressure  in  contact.  Each 
segaeat  independently  is  pressed  against  contact  bar. 

Socket  contact  are  very  reliable;  therefore  then  greatly  are 
used  extensively  in  high-voltage  switches  both  as  the  workers  and  as 
arc-suppression  ones.  With  burning  the  segaents  can  be  replaced. 
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Ire  fulfilled  also  socket  coatacts  without  flexible  lenbers,  as 
shows  la  Pig*  12-16.  entering  the  receptacle  slide  contact  3  wrings 
oat  contact  segneats  2*  clusters  this  lower  flanges  I  of  segments  are 
pressed  against  the  surface  of  the  neck  in  contact  holder  1.  Each 
segneat  is  contacted  with  ro  and  with  holder  at  one  point. 
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Fig.  12-1%.  finger/pin  point  contacts. 


Fig.  12-15.  Socket  contact  nitb  floxibla  nonbors. 


Fig.  12-16.  Socket  contact  iltkoat  flexible  aenbers 
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For  decreasing  contact  resistance  is  collected/bailt  the  receptacle 
of  a  sufficiently  large  auaber  of  flat/plane  segaents. 

The  upper  part  of  the  housing  of  receptacle  perfoms  the  role  of 
guard  ring  -  vith  cutoff /disconnection  the  arc  burns  between  the 
ead/lead  of  the  ro  and  the  upper  part  of  the  housing  of  receptacle, 
which  prevents  the  fusing  of  segaents. 

Bad-type  contacts  can  be  also  flat/plane*  linear  and  point. 

Bxanples  of  flat/plane  end- type  contacts  they  are  (Fig.  12-17) : 
plane  -  the  ead/face  of  rod  |a| ,  rod  -  rod  (b),  plane  -  the  end/face 
of  tube  (c) ,  tube  -  tube  <d) • 

Linear  end-type  contact  is  obtained  when  one  of  contacts  (e)  or 
both  have  a  fora  of  cylinder*  Point  end-type  contacts  is  obtained 
with  the  contact  of  plan  and  heaisphere  (f)  or  two  heaispheres. 

Bad-type  contacts  are  contacted  in  a  snail  nuaber  of  points; 
therefore  in  than  are  observed  considerable  repulsive  forces  with  th 
course  of  short-circuit  current.  For  stabilization  is  necessary  larg 
pressure  in  contact. 
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During  closing/shorting  and  interrupting  the  end-type  contacts 
does  not  occur  their  self-purification;  at  a  large  pressure  in  the 
contact  fila  of  oxide  it  breaks  down  itself,  but  it  is  not  driven 
out,  but  i  is  indented  into  the  aetal  of  contact. 

Sufficiently  considerable  contact  resistance  of  end- type 
contacts  nakes  it  possible  to  apply  then  in  switches  to  comparatively 
snail  rated  currents  (to  800-1000  1).  Great  use/application  they 
found  in  switches  by  voltage  above  1000  T. 

Bnd-type  contacts  are  applied  as  working  and  arcing  contacts. 
Fusing  by  the  arc  of  flat/plaae  end-type  contacts  sharply  increases 
their  contact  resistance.  Therefore  they,  as  a  rule,  have  easily 
change  caps  which  in  a  nuaber  of  cases  aanufacture  from  refractory 
aetal s  and  alloys. 

especially  badly  break  does  theaselves  with  arc  the  ends/faces 
of  tubular  contacts.  Therefore  tubular  contacts  are  applied  only  in 
switches  with  ges  or  air  blast  when  the  flow  c£  gas  or  air  displaces 
ere  froe  the  end/face  of  tube  to  its  intsrnal  surface  as  that  shown 
is  Pig.  12-18. 
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Ik*  c*ps  of  the  working  ia  sic  end- type  contacts  it  is  expedient 
to  cover/eoat  with  silver  or  to  anaafactars  fro  a  compound  of  silver 
with  taagstsa. 

Pig.  12-19  ia  the  fora  of  aa  azaaple  gives  the  end-type  contact 
of  oil  breaker.  Slide  contact  2  is  carried  oat  in  the  fora  of  copper 
hollow  tabs  with  detachable  brass  cap.  Fired  contact  1,  which  also 
has  detachable  cap*  with  the  aid  of  flexible  aeabers  3  is 
electrically  connected  with  housing  6.  Spring  4  creates  the  necessary 
pressure  ia  contact. 
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Pag*  200. 

Spring  4  is  Mctsurf  also  foe  preventing  the  rigid  impact  with 
comtact  of  comtacts  dariag  start*  On  the  deformation  of  spring  is 
expended/consuned  the  kinetic  energy*  stored  up  in  slide  contact  upon 
the  start  (the  sane  it  is  possible  to  speak  also  about  the  springy 
eleaemts/cells  of  other  contacts)* 

Opon  start  after  first  contact  both  contacts  for  a  while 
continue  to  move  upward,  presssin  spring.  Contact  1  is  moved  upward 
on  guide  rod  5.  Plastic  cap/ hood  7  insulates  spring  4  from  housing  6. 

Brush  comtacts  (Pig*  12-20)  are  collected/built  from  elastic 
thin  copper  or  bronze  plates  (0*1-0. 5  mm).  Brush  can  fulfill  the 
roles  of  uovable  1  and  aotioulsss  3  contacts,  is  the  second  contact 
apply  eassive  area  contacts  2  or  wedge-shaped  knives  4.  The  plane  of 
brush  usually  forms  certain  angle  with  that  plane,  to  which  it  is 
superlaposed.  By  this  is  provided  certai  deformation  of  the  plates  of 
brush  ia  the  connected  position  and  contact  of  each  plate  of  brush 
with  contact  plane  (minimus  at  one  point).  For  an  increase  in  the 
force  of  pressure  the  brushes  additionally  supply  with  steel  springs 
(.  In  a  good  state  contact  resistance  brush  contacts  is  small; 
therefore  earlier  then  were  used  extensively  in  switches  to  large 
rated  currents. 
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it  present  brush  contacts  apply  increasingly  less  frequently 
especially  in  switches  with  a  voltag  above  1000  V.  Is  explained  this 
by  their  cooperatively  large  cost/value*  poor  nechanical  properties 
and  inconstancy  of  contact  resistance. 

Daring  closing/shorting  and  interrupting  the  brush  contacts 
frequently  are  observed  the  residual  defornations  of  the  plates  of 
brushes*  caused  by  the  inpact  of  brush  about  area  contact,  by  the 
tail  heaviness  of  plates  with  slip  on  the  plane,  etc.  is  observed 
also  the  deforaation  of  the  plates  of  brash  with  the  course  of 
short -clrcwi  current  when  appear  the  electrodynanic  forces,  which 
atteapt  to  finish  harvesting  plates  fron  contact  plane.  In  the  latter 
case  is  possible  the  sparking  and  fusing  of  plates.  An  increase  in 
contact  resistance  entails  overheating  the  plates  of  brush, 
decreasing  the  elasticity  of  plates  and  further  deterioration  in  the 
contact.  Brash  contacts  require  very  careful  supervision  in  operation 
after  their  state. 

Contact  resistance  of  brush  contact  strongly  affects  of  oxidatio 
of  contact  surfaces. 

is  arcing  contacts  brush  contacts  it  is  not  possible  to  apply. 

Switches  with  brash  contacts  are  coe pulsar ily  supplied  with  arcing 
oeatacts. 
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circ«it-br«ekers;  bl  the  broil  cob  tacts  of  oil  breakers 


I-5- 
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Chapt«r  tlirtM  • 

Brief  infornation  aboat  the  extinction  of  oloctcic  arc  in  the 
diaeoaMctia;  apparataiaa. 

13-1.  Saaaral  inforaation  about  oloctcic  are. 

The  stud  of  the  diocoaaoctiag  apparatuses,  the  correct 
evaluation/nstinatn  of  their  special  features/pecaliarities  and  their 
proper  operation  are  ispossible  sithoot  the  clear  understanding  of 
the  occurring  is  then  processes  eith  their  cutoff/disconnection.  The 
cutoff /disconnection  of  circuits  for  current,  and  especially  the 
circuits  of  high  voltages,  is  accoapaaied.  as  a  rule,  by  the  onset  on 
the  contacts  of  the  disconnecting  apparatuses  of  electric  arc,  which 
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■ast  b«  utingnishai  as  rapidly  a  possible.  Taking  into  account  this, 
is  prsssntsd  bslos  brief  information  about  the  fundamental  phenomena, 
■bleb  occur  in  olsctric  arc  daring  its  coabastion  and  extinction,  in 
tbo  space,  necessary  for  the  ander standing  of  equipaent  and  work  of 
the  disconnecting  apparatases. 

Page  201. 

In  the  presence  of  the  disagree n on t  of  the  contacts  of  the 
switch  between  then  is  forned  the  electric  field  whose 
intensity/strength  greater,  the  greater  the  applied  to  contacts 
voltage  and  the  lea  the  distance  between  then.  Under  the  action  of 
this  electric  field  the  free  electrons,  which  are  located  in  the 
gap/interval  between  the  contacts  (in  any  gas  there  is  certain  number 
of  free  electrons)  ,  begin  to  be  noved  at  a  high  speed  in  direction  to 
the  anode  and  on  their  path  they  collide  with  atoms  or  molecules  gas. 
If  at  the  nonent  of  this  electron  collision  possesses  the  specific 
reserve  of  kinetic  energy,  then  it  is  capable  to  dislodge/chase  from 
the  particle  of  gas  (aolecul  or  aton)  one  or  even  several  electrons, 
as  a  resalt  of  which  instead  of  the  neatral  particle  of  gas  are 
forned  the  free  electrons  and  the  positively  charged/loaded  ion.  This 
phenomenon  is  called  of  the  iapact  ionisation  of  gas. 


The  newly  forning  free  electrons  also  are  noved  to  the  anode 
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ui,  aftar  acquiring  th«  sufficient  rata,  ia  tarn,  they  participate 
ia  tha  i a pact  ionisation  of  gas.  Appears  tha  avalanche  of  aoving  tc 
the  anode  alactrons,  which  rapidly  ionise  the  gap/interva  between 
contacts  [L  5-1  and  6-4]. 

The  necessary  for  iapact  ionisation  reserve  of  kinetic  energy 
electron  accaaulates,  n arsing  in  path  space  for  elongation/extent  of 
which  is  a  specific  potential  difference,  and  having  respectively 
increased  by  this  nethod  its  rate  aader  the  action  of  electric  field. 
If  electron  clashs  with  the  particle  of  gas  earlier  than  it  will 
aeguire  the  reserve  of  energy,  sufficient  for  iapact  ionization,  then 
ionisation  it  will  not  follow  and  acquire  electron  energy  will  be 
consesed  for  the  excitation  of  neutral  particle. 

The  ionisation  of  the  particle  of  gas  is  possible  also  as  a 
result  of  the  series /row  of  its  consecutive  collisions  with  the 
electrons,  which  possess  insufficient  for  iapact  ionization  by  the 
reserve  of  kinetic  energy.  Consecutive  collisions  increase  the  degree 
of  excitation  of  the  particle  of  gas,  what  also  leads  to  its 
ionisation  (ionization  due  to  gradual  energy  storage  -  the  so-called 
cuaulativ  ionisation). 

fith  an  increase  in  the  applied  to  contacts  voltage,  i.e.,  with 
an  increase  in  the  electric  intensity,  the  iapact  ionization  is 
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aaplified,  since  electron  nccnealntee  the  energy,  sufficient  for 
iepect  ionisation,  for  the  elongetion/eztent  of  sealler. 

The  initial  appearance  of  free  electrons  between  the  diverging 
contacts  of  switch  is  explained  also  by  the  following  phenomena,  it 
is  known  that  froa  the  surface  of  hot  electrode  into  surrounding 
space  ar  esitted  the  free  electrons  (phenoaenon  of  the  thermionic 
emission) .  fith  the  catoff/discoanection  of  switch  the  pressure  in 
contacts  and  a  number  of  points  of  their  contact  decrease,  as  a 
result  of  which  contact  resistance  and,  conseguently,  also  heating  of 
contacts  rapidly  increase.  Therefore  with  the  cutoff /disconnection  of 
high  currents  at  breakaway  torgue  of  contacts  from  each  other  on 
cathode  usually  are  strongly  incandescent  sections,  which  radiate 
free  electrons.  Furthermore  in  the  initial  stage  of  the  disagreement 
of  the  contacts  when  the  distance  between  then  is  still  very  small, 
electric  intensity  is  usually  wery  large  and  sufficient  for  the 
extraction  of  free  electrons  froa  the  surface  of  cathode 
(autoelectronic  emission),  to  what  it  contributes  the  elevated 
teaperature  of  cathode. 

The  free  electrons,  which  are  formed  as  a  result  of 
theraoelectronic  and  autoelectronic  enissions,  under  the  action  of 
electric  field  are  sowed  to  the  anode  participating  in  the  impact 
ionisation  of  gas  of  the  gap/iaterval  between  contacts,  as  this  vas 
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discussed  abOTS. 

is  s  result  of  ionisation  is  the  gap/interval  between  contacts 
appear  the  positively  aad  negatively  charged/loaded  particles  of  gas, 
i.e.«  space  between  contacts  proves  to  be  the  filled  so-called 
gas-discharge  plasaa,  which  possesses  large  electrical  conductivity. 
Under  the  action  of  the  applied  to  contacts  voltage  occurs  electrical 
breakdown  across  gap  betwee  then  and  striking  of  the  arc;  in  circuit 
appears  the  electric  current.  Let  as  recall  that  the  voltage,  with 
which  occurs  by  the  test/sanple  of  the  gap/interval  between  contacts 
and  the  striking  of  the  arc,  is  called  breakdown  (initial)  voltage, 
aad  the  corresponding  value  of  electric  intensity  -  by  a  breakdown 
(initial)  Intensity/strength.  The  value  of  breakdown  strength 
characterises  dielectric  strength  of  dielectric. 

Xlectric  arc  is  the  fora  of  the  independent  discharg  through  the 
gas  which  is  characterised  by  a  saall  cathode  drop,  usually  not 
exceeding  10-20  v  (for  greater  detail,  sea  below) ,  by  large  current 
densities,  which  reaches  by  1(^000  A/cm*  and  nore,  and  by  the  high 
tenperntnre  of  gas-discharge  plasaa. 

The  teaperature  of  gas  of  the  center  section  of  the  arc  (crux  of 
the  ere),  oe  which  is  noved  the  large  part  of  the  electron  stream, 
reaches  very  high  values  -  to  10/)00°C  is  above,  depending  on  the 
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currant  strength,  proper tie  of  the  aabient  gas  aediua  and  its 
pressure.  The  teaperature  of  gas  on  the  surface  of  arc  con poses 
3000-*000°C  and  nore. 

Page  202. 

The  high  teaperature  of  arc  is  supported  due  to  theraal  energy, 
isolated  in  it  by  current,  i.e.,  due  to  electric  power,  applied  to  it 
fros  electric  systen. 

For  the  existence  of  the  arc  between  contacts  it  is  necessary 
that  the  circuital  current  would  be  not  less  than  80  mk,  and  the 
voltage  between  contacts  is  not  less  than  10*20  v. 

As  a  result  of  the  very  high  teaperature  in  the  center  section 
of  the  gas-discharge  plasaa  its  conductivity  in  essence  is  supported 
because  of  the  intense  theraal  ionisation  of  gas  which  occurs  as 
follows. .Those  falling  into  the  high-tenperature  range  of  the 
particle  of  gas  cose  in  very  rapid  notion.  If  teaperature  is  hiqh  and 
the  eov lag/driving  particles  possess  sufficient  kinetic  energy,  then 
during  aeteal  collision  occurs  their  decay  and  the  foraation  of  free 
electrons  and  posit! v  ions. 

The  thernal  ionization  of  gases  begins  at  teaperature  of 
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9000-1ty>00°C#  and  vapors  of  eetal  at  temperature  of  approximately 
«000*C.  Sines  in  arc  in  switches  always  thara  is  certain  quantity  of 
incandescent  vapors  of  natal#  and  teaparature  of  rod  of  arc  of  higher 
tkaa  *OQO-5DOO®C,  than  the  intensity  of  thernal  ionization  proves  to 
be  sufficient  for  aa in te nance  conductivity  of  arc  qap. 

the  intensity  of  tkeraal  ionization  depends  on  the  properties  of 
gas  and  first  of  all#  froa  its  dielectric  strength  and  temperature  of 
tkeraal  ionisation#  and  froa  pressure.  With  pressure  rise  the  thermal 
ionization  of  gas  is  ispeded#  since  with  an  increase  of  the  number  of 
particles  of  tke  gas  in  given  space  increases  the  probability  of  the 
preaature  collisions  of  tke  particles  when  they  during  collision  yet 
do  not  possess  the  kinetic  energy#  sufficient  for  their  ionization. 

lith  an  increase  of  the  arcs  current  its  temperature  and  thermal 
spee  of  the  particles  of  ths  gas  grow/rise#  in  conseguence  of  which 
the  thernal  ionisation  of  gas  is  amplified  (at  larger  rate  the 
particle  motions  of  gas  acquire  the  necessary  for  thernal  ionization 
reserve  of  kinetic  energy  with  the  path/range  of  snaller  path). 

Pros  tke  given  in  Pig.  13-1  volt-ampere  characteristic  of  arc, 
i. e.#  tke  dependence  of  voltage  fron  current  in  it  — /(/4), with  an 

increase  in  the  current  voltage#  i.e. #  the  voltage#  necessary  for  its 
saintenance#  decreases  it  is  explained  this  by  the  fact  that  the 
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electrical  arc  resistance  changes  in  quadratic  dependence  on  arcs 
carraat. 

Oa  aeasere  of  deviation  of  the  contacts  of  switch  the  distance 
bataaaa  thaa  rapidly  g rous/rises,  and  electric  intensity  in  arc 
streaa  respectively  decreases,  is  a  result  of  this  the  intensity  of 
iapact  ionisation  also  rapidly  decreases  and  therefore  it  already 
little  affects  the  conductivity  of  arc  gap. 

In  electrical  arc  continuously  occur  two  opposit  processes:  the 
process  of  ionization,  i.e.  ,  the  f oraation/education  of  the  new 
charged/loaded  particles,  and  the  process  of  deionization,  i.e., 
neutralization  or  disappearance  of  the  charged/loaded  particles. 

The  deionization  of  arc  gap  occurs  by  reconbination  and 
diffusion  of  ions. 

The  phenoaenon  of  recoabiaation  or  reconbination  of  the 
charged/loaded  particles  lies  ia  the  fact  that  the  positively  and 
negatively  charged/loaded  particles  cone  into  contact  an  they  give  up 
to  each  other  excess  charges,  as  a  result  of  which  are  foraed  neutral 
particles. 


Ia  arc  coluan  is  observed  predoainantly  the  reconbination  of 
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posit  ive  aa4  negative  ions.  tJis  direct  recoabination  of  electrons 
vitb  positive  ioBS  is  scarcely  probable,  since  the  rate  of  electron 
aotioa  is  approxiaately/eseaplarily  1000  tiaes  aore  than  the  rate  of 
the  aotioa  of  ions. 
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Pig.  13-1.  The  to  It- •■pan  characteristic  of  alactric  arc. 

Pa 9a  203. 

It  ia  assnaed  tha  the  electros,  as  aore  so Table  particle,  first 
charges  tha  naotral  particle  (as  "adheres"  and  by  it  during 
collision),  as  a  resalt  of  which  is  forned  negative  ion.  Then  the 
negatively  and  positively  charged/loade<*.  ions,  which  have 
approxiaately/exeaplarily  egual  nasses  and  rates  of  notion,  mutually 
are  attracted/tightened  and.  touching,  are  converted  into  neutral 
particles. 

The  intensity  of  racoabination  depends  on  electric  intensity: 
the  less  the  electric  intensity,  the  les  the  rate  of  the  notion  of 
ions  and  the  greater  the  probability  of  their  racoabination.  Hence  it 
follows  that  in  alternating  current  arc  the  racoabination  is 
especially  intense  at  those  noaents/torgoes  when  voltage  is  close  to 


xero. 
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The  litauitj  of  recoabiaation  deponds  also  on  teeperature  and 
ssctioa  of  the  arc:  the  loser  teaperatare  and  less  the  section  of 
arc,  the  sore  intense  the  recoabiaation. 

The  iatease  recoabiaatioa  of  the  charged/loaded  particles  is 
observe  also  on  the  surface  of  the  solid  dielectric  with  which  is 
contacted  the  electric  arc  (for  exawple,  the  wall  of  tube  or  slot  in 
which  it  boras  arc).  Bee cabinet ioa  on  the  surface  of  solid  dielectric 
occurs  so  that  first  the  electrons,  as  nore  aovable  particles,  charge 
surface  to  certaia  negative  potential,  with  which  negative  ions  and 
electrons  are  repulsed  fron  this  surface,  but  positive  ions  are 
attracted/tightened,  and.  falling  to  surface,  they  lose  their  charge. 

The  diffusio  of  ions  froa  arc  into  the  environnent  occurs  as  a 
result  of  the  theraal  displaceaeat/aoveaent  of  particles,  caused  by  a 
considerable  difference  in  the  teaperatures  of  arc  and  environment, 
and  large  difference  in  ion  concentration  in  arc  and  in  the 
eaviroasent*  The  diffusing  into  the  environnent  ions  lose  their 
charge  by  recoabinatioa  with  electrons  or  negative  ions,  which  are 
located  in  gaseous  aedius.  Thus,  diffusion  also  leads  to  the  decrease 
of  a  aaaber  of  positively  charged/loaded  ion  in  arc  in  conseguence  cf 
which  its  conductivity  decreases* 
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If  the  environnent  is  located  in  relative  rest*  then  the 
diffusing  froa  arc  ions  are  accnaalated/stored  around  arc  and  they 
create  positive  the  space  charge*  which  iapedes  the  further  diffusion 
of  the  ions*  which  have  the  charge  of  the  sane  sign.  The  intensity  of 
diffesion  is  this  case  depends  on  the  recoabination  velocity  cf  ions 
in  the  environaent. 

Diffusion  is  anplified  with  blowing  of  arc  by  any  relativel  cold 
and  neutral  gas*  since  in  this  case  increases  a  difference  in  the 
tenperatnres  in  arc  and  in  surrounding  nediun  and  is  anplified  the 
recoabination  of  the  diffusing  ions*  since  with  the  flow  of  gas  to 
arc  enter  all  new  and  new  free  electrons.  The  sane  result  gives  the 
displacenent/novenent  of  arc  in  the  environnent. 

The  diffusion  of  ions  depends  both  on  the  difference  in  the 
tenperatnres  of  the  arc  and  the  environnent  and  fron  the  ratio  of  the 
periaeter  of  arc  to  it  section.  The  greater  the  relationship/ratio 
indicated*  the  aore  a  nuaber  of  ions  diffuses  into  the  environment. 
Tith  an  increase  in  the  arc  length  the  diffusion  also  increases. 


The  deionisation  of  ions  occurs  also  near  electrodes 


A n  a  result  o'*  the  hn"ibnr,fiin'~  tv  the  is"t^  c^es  o"  r*as>  the 
surface  the  cathode  As  headed  un ,  and  the  'tisdon  and  a  ton d  o a  td  on 
oe  the  w,eta.l  o'*  the  contact  oco'i”.  "’he  "nst  heated  na^t  o'*  «-he  cathode 
nossessdnr  a.  tenner*at'ir’e  o'*  the  o-^0"  o"  1000^  r  end  hf^he"  '  <5 
the  cat-ode  snot.  At  ouch  a  M  ~h  hea«-An~  o'*  the  nehai  f 

the^e  occurs  a  ther*n'T  ot*  c  e"ai  ''”0“’  the  eothode  au’’'*ace 

( needon?  nan  t  l,f  '"or  the  anr,r’ace  o'*  the  cathode  snot  A .  nhe  el«ct»ons 
beinr  endtted  are  also  neatly  ’’eco-hl  ned  wl  tv  the  nos^tdre  lens  vhd  c*-1 
annroach  the  cathode  and  ar>n  neatly  e  o  ed  **»«»»  hv  the  p1ecf''1  c^1 

a*'  Id  ^ n  the  dd^eetdon  tova^d  the  anode. 
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Thus,  is  the  a pace*  vhich  adjoins  directly  cathode  (i*  in  Fig. 
13-2) *  occurs  continuous  disappearance  of  positive  ions,  in 
conseqaeace  of  vhich  electrical  conductivity  per  the  unit  of  length 
in  this  part  of  the  arc  is  considerably  less  the  in  arc  strean  (zone 
of  a  cathode  drop) . 

For sing  in  arc  negative  ions  partially  recoabine*  as  noted 
above*  eith  positive  ions*  and  partially  they  are  aoved  to  the  anode. 
At  snail  distance  froa  the  anode  fron  these  adequate/approaching  it 
negative  ions  bio*  away  the  electrons  and  they  depart  to  the  anode. 
The  foraing  neutral  particles  on  inertia  continue  to  sove  to  the 
anode  and  boa  bard  it.  Thus*  in  the  space*  which  adjoins  anode  (/.  in 
Fig.  13-2)*  ionic  density  is  also  saal  (zone  of  an  anode  drop). 

* 

Page  20*. 

Voltage  distribution  along  arc  is  shown  in  Fig.  13-2.  Hear 
electrodes  are  observed  abrupt  changes  in  the  voltage:  in 
near-cathode  space  -  a  cathode  drop  UK,  in  near-anode  space  it  - 
an  anode  drop  Ut.  caused  by  these  deionization  processes  near  the 
electrodes*  vhich  were  discussed  above. 

The  value  of  a  cathode  drop  depends  on  the  aaterial  of 
electrodes  and  aediua*  in  which  burns  the  arc*  and  usually  do  not 
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«CMd  10*20  T.  An  anode  drop  1*  aery  variably  and  to  large  degree 
depends  on  arcs  cor  rent.  Usually  and  with  high  currents  is 

close  to  zero. 

Along  arc  streaa  /cr  the  voltage  changes  considerably  slower  and 
the  overall  voltage  drop  across  it  coaprises  UCT.  In  arc  stream  a 
nuaber  of  positive  and  negative  charges  per  the  unit  of  length  is 
approziaately/ezeaplarily  equals  therefore  electric  intensity  along 
arc  streaa,  i.e. f  voltage  on  the  nait  of  its  length,  it  remains 
constant. 

■ith  high  currants  the  voltage,  necessary  for  arc  saint -nance, 
nust  be  not  less  Ucr.  leace  it  is  clear  that  the  arc  between 

electrodes  can  ezist  oaly  in  sach  a  case,  vhen  the  applied  to  them 
voltage  ia  any  case  is  aore  than  a  cathode  drop. 

In  short  lovvoltage  arc  e  cathode  drop  has  vital  importance, 
since  it  is  coaaeasurated  with  a  voltage  drop  across  arc  stream,  in 
long  high-voltage  arc  a  cathode  drop  has  negligible  value  in 
conparisoa  with  a  voltage  drop  across  arc  streaa  • 

Essential  effect  on  the  process  of  the  deionization  of  arc  has 
also  the  gaseous  dissociation  ia  high-teaperatore  range  of  arc.  The 
nolecules  of  gas,  falling  into  the  high-tenperature  range  of  arc. 
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com  into  Tory  rapid  irregular  tkoraal  agitation,  and  if  temperature 
of  yas,  bat  tboroby  tko  rata  of  tbo  notion  of  nolocules  is 
safficiontly  groat,  than  daring  autoal  aolecular  collision  occurs 
tkoir  docay  to  atoas.  This  docay  of  aolocalos  to  atoms  is  connected, 
aa  is  known,  wit  largo  boat  expenditure.  Forming  atoms  diffuse  from 
arc  into  tko  onwiroanont,  tkoy  are  connected  there  into  molecules  and 
froo/roloaM  tkoraal  energy,  expended  for  their  dissociation.  Thus, 
is  aaplifiod  heat  transfer  into  the  enTironaent  and  cooling  cf  arc, 
which  entails  the  decrease  of  tkoraal  ionisation  and  the 
aaplificatioa  of  the  recoabiaation  of  the  chargedAoaded  particles. 

The  difference  betwMn  dissociation  and  thermal  ionization 
consists  in  the  fact  that  for  theraa  ionisation  is  necessary  the 
tesperatore  not  less  than  «0QO-5000»C  (in  the  presence  of  vapors  of 
natal  in  arc),  while  the  dissociation  of  aolecules  to  atoms  occurs 
also  at  lower  temperatures. 

From  that  presented  ahowe  I  can  draw  the  conclusion  that  the 
electric  arc  is  phenonenon  not  only  electrical,  but  also  thermal. 
Tkoraal  processes  in  arc  and  heat  exchange  between  the  arc  and  the 
enTironaent  play  Tory  large  sole  and  affect  the  occurring  in  it 
electrical  processes  (1.  9-1] 

13-2.  Fendaaental  methods  of  the  extinction  of  electric  arc. 


{ 
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Tha  extinction  of  electric  arc  is  reached  by  effect  on  the 
occarriS9  is  it  ionising  and  deionisation  processes.  The  first  must 
be  sharply  eeakened,  and  the  second  -  are  intensified,  of  that 
presented  it  previously  folios*  that  for  this,  first  of  all, 
necessary  to  seaken/atteauate  or  to  entirely  discontinue  thermal 
ionisation  and  to  enforce  the  recoabination  of  the  charged/loaded 
particles  and  diffusion  of  ion  into  the  environaent. 

The  decrease  of  theraal  ionisation  and  the  aaplification  of 
recoabination  can  be  achieved/r cached  by  cooling  the  arc.  The 
effective  aaplification  of  recoabination  is  achieved  at  intimate 
contact  of  arc  with  the  surface  of  dielectric. 

Diffnsion  is  anplified  with  the  blowing  of  arc  by  any  gas  or 
with  the  rapid  adjostaent  of  arc  in  the  environnent. 
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Pig*  13-2.  Voltage  iistribntioa  along  uc. 

Kty:  (1|.  Cathode.  (2).  Anode. 
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Page  205. 

Til*  intensity  of  tii«  deionisation  of  arc  to  large  degree  depends 
as  tie  properties  of  that  nediaa,  in  which  barns  the  arc:  the  greater 
the  theraal  conductivity,  dielectric  strength,  temperature  of  thermal 
ionisation  and  heat  capacity  of  gaseous  aediaa,  the  more  intense  the 
process  of  deionisation,  the  easier  it  is  to  clear  the  circuit.  The 
best  arc-arresting  properties  possesses  hydrogen  and  by  somewhat 
worse  water  vapor,  carbon  dioxide  and  air. 

Pig.  13-3  gives  arc  characteristics  in  hydrogen  and  in  air  (at 
an  identical  pressure),  froa  which  it  is  evident  that,  other 
conditions  being  eqoal,  for  arc  aaintenance  in  hydrogen  is  necessary 
the  considerably  larger  electric  intensity;  therefore  to  clear  the 
circuit  in  hydrogen  it  is  easier  than  in  air. 

ire  extinction  in  hydrogen  takes  the  place  in  oil  breakers, 
where  under  the  action  of  the  high  tenperatare  of  arc  certain 
quantity  of  transforner  oil,  which  fills  a  tank  of  switch,  evaporates 
and  is  deconposed/expanded  into  the  coaposite/coapound  component 
parts,  the  aaia  thing  froa  which  is  hydrogen.  This  hydrogen. 
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generated  by  oil  under  the  action  of  the  high  tenperature  of  arc,  and 
in  utilised  for  its  extinction. 

In  sone  disconnecting  apparatuses  are  applied  solid  organic 
aaterials  (fiber,  organic  glass,  polyvinyl  chloride  plastic,  etc.), 
which  under  the  action  of  the  high  tenperature  of  arc  generate 
hydrogen,  carbon  dioxide  and  water  vapor,  utilized  for  an  arc 
extinction. 

ire  extinction  in  air  is  used  extensively  in  the  disconnecting 
apparatuses  of  low  and  high  voltage. 

Substantially  affects  the  process  of  the  deionization  of  arc  the 
pressure  of  the  gaseous  nediun,  in  which  burns  the  arc.  The  higher 
the  gas  pressure,  the  greater  a  number  of  particles  of  the  gas  per 
unit  of  volnne,  the  less  the  distance  between  then;  therefore  with  an 
increase  in  the  gas  pressure  theraal  ionization  is  inpeded,  and 
cooling  arc  is  aaplified.  For  arc  aaintenance  is  reguired  larger 
voltage,  that  illustrates  the  curve  of  Fig.  13-4. 

For  ths  deionization  of  arc  the  definite  effect  exerts  also  the 
naterial  of  contacts.  Is  aost  expedient  the  use/application  of  metals 
of  high-aeltiag  ones,  with  the  high  tenperature  of  stean  generation 
and  with  large  theraal  conductivity  and  heat  capacity  (decrease  of  a 
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thernionic  Mission  and  quantity  of  vapors  of  natal  in  arc). 

fith  an  increase  in  the  rate  of  the  disagreeaent  of  the  contacts 
of  switch  sore  rapidly  increases  the  arc  length  and  its  surface, 
thanks  to  which  is  aaplified  cooling  arc  and  diffusion  of  ions  into 
the  environnent  and,  consequently,  also  deionization  of  arc. 

In  the  disconnecting  apparatuses  are  applied  the  different 
aethods  of  accelerating  the  eztinction  of  the  electric  arc,  based  on 
the  ezanined  above  phenonena  and  processes  in  arc.  Great 
use/application  in  the  arc-suppression  devices/equipaent  of  the 
disconnecting  apparatuses  found  the  following  aethods  of  arc 
eztingnishing: 

1«  Arc  extinction  with  the  aid  of  the  gas  blast,  directed  alonq 
or  across  arc  (Pig.  13-5).  Arc  in  turbulent,  i.e.,  eddy-like,  flow  of 
gas  intensely  is  cooled  and  is  deionized,  and  the  wore  intense,  th? 
higher  the  gas  velocity.  To  the  deionization  of  arc  to  large  degree 
contributes  the  fact  that  the  eddy-like  noving/driving  particles  of 
gas  penetrate  the  arc  streaa. 
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Fig.  13-3.  Depeadeace  on  tJio  cnrront  of  the  strength  of  the  field  of 
arc  strean  B  [T/cn],  which  horns  In  air  and  in  hydrogen. 


Key:  (If.  f/ca.  (11) .  By dr o gen.  (2).  Air.  (3).  A. 

I/CM  (!) 
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Fig.  13-4.  Dependence  of  strength  of  field  of  arc  strean  on  air 
pressare  (Toizik*s  data). 


Key:  (1).  V/ca.  (2).  ata(tech). 


Page  206. 

The  best  resalts  gives  blast  by  the  relatively  cold  and  neutral 


gases. 
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Longitudinal  gas  blast  (Fig*  1 3- 5a)  is  ns«d  extensively  in  the 
switches  of  all  voltages.  Transverse  blast  is  aost  effective  with 
fulfillaeat  on  the  outline  of  Fig.  13-5c,  when  across  arc  are 
established/installed  partitions  froa  insulation,  blocking  free 
displaceaeat  arcs  in  the  direction  of  the  flow  of  gas  (as  in  Pig. 
13-5b).  la  the  presence  of  insulating  partitions  is  provided  the  more 
iatieate  contact  of  gas  flow  with  arc,  is  facilitated  the  penetration 
of  the  particles  of  the  gas  inside  arc  streaa,  are  reached  large 
length  and  surface  of  arc.  All  this  provides  the  energetic 
deionization  of  arc. 

In  oil  breakers  and  switches  with  solid  gas-generating  organic 
aaterials  for  a  blast  are  utilised  the  gases  (see  above),  generated 
by  oil  or  aaterials  indicated  under  the  action  of  the  high 
teaperatare  of  arc.  In  these  switches  the  blast  is  realized  with  the 
aid  of  the  explosion  chancers  of  different  constructions/designs. 

In  high-voltage  air-blast  breakers  the  air  enters  fron  special 
delivery  air  chanber  which  is  suppleaented  froa  bloving  plant.  Blast 
appears  siaultaneously  since  the  beginning  of  the  disagreeaent  of 
contacts. 

? .  Arc  extinction  by  it?  r>n -m  <■'»' «- 

^inds  use  '"he 


disnlaeer'ent/novenent  o'*  in  the  envi  moment  he*  the  s»«e  e^eet 
as  eras  blow-out,  s-’nco  du~ln~  aeo  dl  rsnl-icenent  a  so-t  o'"  counter 
ras  blow-out  arises. 


Disnlacenent  o**  the  am  in  the  anblent  nediur-  is  possible:  s'*  under 

tka  action  of  tha  slectrodynaaic  forces  of  current  interaction  in 
different  parts  of  the  arc,  and  also  arcs  current  with  current  in  the 
carreat-carrying  parts  of  the  apparatus  (Pig.  13-6,  to  the 
displaceaeat/aovenent  of  arc  it  upward  contributes  also  the  flow  of 
ears  air) ;  b)  during  interaction  of  arcs  current  with  any  aass  from 
aagnetic  sate  rial  (Pig.  1J-7)  and  c)  with  the  aid  of  the  aagnetic 
blow-out  (Pij.  13-8)  . 

Interaction  between  the  arcs  current  and  the  aass  from  magnetic 
aaterial  (steel  tank,  steel  plate,  etc.)  appears  as  a  result  of  the 
displaceaeat  of  the  aagnetic  flux  of  arc  under  the  effect  of  magnetic 
aass.  Arc  attempts  to  occupy  such  position  in  which  the  reluctance 
for  a  flow  will  be  ainiauw. 

Tha  principla  of  the  aagnetic  blow-out  is  clarified  in  Fiq. 

13-8,  where  for  siaplicity  is  assuaed  the  displaceaent/novement  of 
arc  over  horns  1.  Blowout  coil  2  is  arranged/located  so  that  its 
aagaatic  flax  would  be  directed  perpendicular  to  arc  and  was  created 
the  effort/force,  nosing  arc  upward  (according  to  the  rule  of  left 
hand)  • 


L  L 
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The  ctiTTU  of  Pig.  13-9  show  an  increase  of  the  strength  of  the 
field  of  arc  streaa  in  dependence  on  the  rate  of  its  notion  in 
■agaetic  field. 

3.  Arc  extinction  in  narrow  slots  or  channels  of  snail  diameter 
fron  solid  insolation.  It  was  previously  indicated  that  the  intimate 
contact  of  arc  with  dielectric  leads  to  its  very  intense  deionization 
as  a  resnlt  of  the  energetic  recoabination  of  the  charged/loaded 
particles  oe  the  surface  of  dielectric,  of  pressure  increase  in  slot 
or  in  channel  and  cooling  arc  with  dielectric.  The  given  in  Fig. 

13-10  curves  show,  how  considerably  changes  the  strength  of  the  field 
of  arc  streaa.  which  burns  ia  narrow  slot  and  in  the  channel  of  a 
snail  diaaeter. 


i. 

. 


I 


Q)  t>4)  c$) 

n-fr 

Fig,  13-5,  Gas  blast:  a)  longitudinal;  b)  transverse;  c)  transverse 
ia  tbs  prassncs  of  transverse  insulating  partitions. 

Pig.  13-6.  Xx ton si on  of  arc  under  the  effect  of  electrodynanic 
forces. 

Pig.  13-7.  Displaceaent/ aoveaeat  of  arc  under  the  effect  of  mass  from 
sagnetic  sate  rial. 

Pig.  13-8.  Displaceaent/ aoveseat  of  arc  under  the  effect  of  magnetic 
bios- oat. 

Page  207. 

In  sose  arc-suppression  devices/equipnent  the  sails  of  slot  or 
channel  fulfill  fron  solid  gas-generating  naterials,  for  example  from 
organic  glass.  fiber,  etc.  in  these  devices/equipment  under  the 
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action  of  the  high  ten  per  at  ore  of  arc  the  aatcrial  of  the  walls  of 
slot  or  chaaasl  gasses,  which  leads  to  an  even  larger  increase  in  the 
press a re  and  to  the  sore  energetic  deionization  of  arc. 

Arc  extinction  in  narrow  slots  and  channels  is  utilized  in  the 
disconnecting  apparatuses  by  a  voltage  to  10  kV  and  rarely  to  35  kv. 
In  the  fora  of  an  ezaaple  Fig.  13*11  gives  the  scheaatic  of  the 
arc*suppression  grating  of  the  switch  of  low  voltage,  which  is  made 
froa  the  ssries/row  of  the  aon-arcing  insulating  plates,  situated 
across  arc.  For  rapid  adjustaent  the  arcs  into  grating  apply  the 
blosoat  colls,  arranged/ located  analogously  with  that  indicated  in 
Fig.  13*8. 

The  use/application  of  siailar  arc* suppression  gratings  limits 
the  developaent  of  arc  upward  how  is  reached  arc  extinction  in  small 
space.  If  switch  disconnects  the  current,  which  does  not  exceed  the 
greatest  peraissible  for  it  value,  then  arc  does  not  exceed  the 
Units  of  grating. 

At  present  are  used  extensively  safety  fuses  with  the  filling  of 
receptacles  with  quartz  sand*  la  these  safety  devices/fuses  with 
burn-out  by  saeiting  insert  the  arc  burns  in  the  narrow  channel, 
foraed  by  body  by  saeiting  insert,  and  therefore  it  is  very  tiqhtly 
contacted  with  the  grains  of  quartz,  as  a  result  of  which  it  rapidly 
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Is  deionised  and  goes  out* 

Is  apparatuses  by  tbs  voltage  of  above  35  kv  arc  extinction  in 
slots  and  channels  usually  do  not  apply  as  a  result  of  serious 
difficulties  in  the  guarantee  of  the  necessary  insulation  of 
disruption*  i.e.*  the  insulations  between  the  contacts  of  apparatus 
after  arc  extinction. 

*•  ire  extinction  by  its  separation  into  several  short  arcs, 
which  burn  between  series/row  of  consecutive  aetallic  plates  (Pig. 
13-12a|.  The  arc*  which  appears  between  lotionless  1  and  aovable  ones 
2  by  contacts*  is  forced  into  grating  fron  several  aetal  plates  3* 
situated  perpendicularly  to  arc*  Instead  of  one  long  arc  appear 
several  coesecutively/serially  burning  short  arcs,  a  voltage  drop 
across  short  arc*  as  noted  above*  in  essence  is  deter lined  by  cathode 
and  anode  drops.  Therefore  if  we  fit  such  a  nuaber  of  plates  so  that 
the  applied  to  the  contacts  of  switch  voltage  would  prove  to  be  less 
than  the  sea  of  cathode  and  anode  drops  on  all  short  arcs*  then  the 
applied  voltage  will  not  be  able  to  support  all  these  short  arcs  and 
they  rapidly  will  go  out  (is  ia  fora  a  cutoff/disconnection  of 
direct-current  circuit;  the  special  features/peculiarities  of  the  use 
of  an  arc-suppression  grating  with  aetallic  plates  with  the 
cutoff/discoanectioa  of  alternating  current  circuit  will  be  shown 
into  §13-«), 
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Fig.  13*9*  Dependence  of  the  strength  of  the  field  of  arc  stream  on 
the  rate  of  the  notion  of  arc  in  eagnetic  field  (Kokekov's  data). 


My:  (1).  V/ca.  (2).  a/s. 


0) 
Kt  'C  M 


0 

Kt/m 


61) 


Fig.  13-10.  dependences  of  strength  of  field  of  arc  stress  on  width 
(Salts*  data)  and  froa  disaster  of  channel  (b  -  Slepian's  data).  6  - 
eidth  of  the  slot;  d  -  disaster  of  channel. 


Key:  (1).  kf/ca 
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Pig.  13-11.  ire- suppression  grating  with  plates  from  non-arcing 
lasalatloa.  1  -  find  contact;  2  -  the  slide  contact;  3  -  plate  of 
grating. 

Page  208. 

To  arc  extinction  contributes  also  cooling  by  their  netallic 
plates  of  grating. 

If  the  plates  of  grating  are  aade  froa  copper,  then  for  the 
parpose  the  accelerations  of  the  entry  of  arc  into  grating  apply  the 
sagnetic  blow-oat.  lith  steel  plates  with  rectangular  grooves  (Fig. 
13-12b)  the  arc  is  involwad/tightened  into  grating  under  the  action 
of  the  force,  caused  by  the  displaceaent  of  its  nagnetic  flux  (as  in 
Pig.  13-7)  •  la  the  presence  of  the  disagreeaeat  of  the  contacts  of 
switch  the  arc  i~<  foraed  ia  the  beginning  of  the  rectangular  groove 
of  plate  (position  i  in  Pig.  13-12b).  Bising  upward,  arc  attempts  to 
occupy  position  B.  ia  which  the  reluctance  for  its  flow  will  be 
ainiaaa.  In  this  position  the  arc  proves  to  be  cut  to  the  series/row 
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of  abort  ares.  Bio wo at  coils  provo  to  bs  excessive. 

5.  Arc  sit  taction  with  ass  of  nultiple  break.  Switches  can  be 
fulfilled  with  one.  two  and  if  a  large  naaber  of  places  of  disruption 
is  phase  as  this  is  scheaatically  shown  for  one  phase  in  Fig.  13-13. 
Bith  a —fold  disruption  it  is  foraed  by  n  of  the  consecutive  arcs  in 
phase  whose  overall  length  in  a  tiaes  is  wore  than  arc  length  in 
switch  with  one  disruption  on  phases  (at  the  identical  rate  of  the 
notion  of  slide  contacts),  Horeover.  the  arcs  of  disruptions  undergo 
artificial  deionisation;  therefore  it  is  obvious  that,  other 
conditions  being  equal,  in  switches  with  aultiple  break  is  provided 
the  nore  energetic  arc  extinction  and  the  possibility  of  the 
cutoff/disconnection  of  high  currents  with  very  high  voltages. 

Quitches  with  uultiple  break  can  be  constructed  to  any  high 
voltages  and  to  the  very  large  power  of  the  cutoff /disconnect ion  (see 
Chapter  17). 

la  switches  with  three- four  and  large  gap  count  in  phase  must  be 
provided  the  even  distribution  of  voltage  according  to  various 
disruptions  or  groups  of  disruptions.  Is  achieved  this  by  start  in 
parallel  to  the  disruptions  of  high  active  backs-out  resistor. 
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Pig*  13-12*  lre«st|fnuioi  gratia g  with  metal  plates  (a)  and  steel 
plat*  with  recta  ag  alar  cat  oat  (fe)  . 


Pig*  13-13*  Diagraas  of  contacts  with  different  naaber  of  places  of 
diaraptioa  in  phase,  a)  one  disraption  in  the  phase;  b)  two 
disruptions;  c)  f oar  disruptions*  I  -  fixed  contact;  2  -  the  slide 
contact;  3  -  arc;  a  -  slipping  contact;  5  -  contact  crosshead;  6  • 
iasalatiag  rod;  7  -  current-carrying  connection/coaaunication. 


Pig.  13-1*.  Diagrams  of  contacts  with  tripla  disrupt ion  and  backs- out 
rasistor.  a|  is  connectad;  b  aad  c)  in  tha  procass  of  the 
cotoff /disconnection ;  d)  is  disconnected . 

Page  209. 

Pig.  13-1*  gives  the  diagraa  of  the  contacts  of  one  phase  of  the 
switch  with  three  disruptions  1,  2  and  3.  in  parallel  by  which  are 
connected  identical  backs-out  resistor  r.  In  this  case  the  switch  is 
supplied  with  the  supplesentary  pair  of  contacts  *,  which  are 
intended  for  the  cutoff/disconaectlon  of  current,  which  takes  place 
through 

la  the  connected  position  of  the  switch  through  backs-out 
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resistor  the  current  does  not  flow/occur/last  (fig.  13-14a).  with  the 
cutoff /disconnection  of  switch  first  diverge  fundaaental  contacts  1, 

2  and  3,  between  which  appear  thraa  arcs,  shunted  by  resisting  of  r. 
sapplaaantary  contacts  4  raaain  locked  (Pig.  13-14b). 

After  arc  extinction  in  disruptions  1,  2  and  3  diverge  contacts 
4,  which  disrupt  conparatively  snail  current  /,.  flowing  through 
backs-out  resistor  (accoapanying  current).  This  current  is  small  and 
the  arc  between  contacts  4  easily  goes  out  (Pig.  13-14,  c  and  d) . 

Let  us  note  that  in  sons  snitches  of  alternating  current  of  very 
high  voltages  for  voltage  compensation  on  disruptions  sometimes  are 
applied  the  shunt  capacitances. 

13-3.  Cut  of  {/disconnection  of  direct-current  circuits. 

In  stable  burning  direct  current  arc  a  nunber  of  ionized 
particles  reaains  constant/invariable;  constant  in  value  remains  arcs 
current.  In  order  to  clear  the  circuit  of  direct  current,  should  be 
created  such  conditions  under  which  a  nunber  of  deionized  ions  in  arc 
always  exceeded  a  nunber  of  newly  forning  in  it  ions  or,  if  we 
proceed  fron  t hemal  processes  is  arc  so  that  a  quantity  of 


abstrncted/renoved  fron  arc  heat  would  exceed  a  quantity  of  heat 
asperating  in  arc  within  the  sane  tine.  As  a  result  of  this 
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contineous  decrease  of  a  amber  of  ionized  particles  the  arc 
resistance  grows/rises,  circuital  current  decreases  and  arc  goes  out 


Since  electrical  circuits  possess  certain  inductance,  the 
redaction  in  current  in  circnit  with  its  cutoff/disconnection 
unavoidably  causes  induction  in  all  conductors  of  circuit  of  emf  of 
self-induction,  vhich  is  superiaposed  on  the  fundanental  voltage  of 
circuit,  as  a  result  of  vhich  appears  the  so-called  switching  surge 
(Pig.  13-15J. 

Take  value  of  the  eaf  indicated  depends  on  the  inductance  of 
circuit  and  rate  of  change  in  the  current  and  is  deterained  from  the 


late  of  change  in  current  (di/dt)  depends  on  the  arc-arresting 
properties  of  that  sediua,  in  uhich  burns  the  arc,  and  fron  the  type 
of  the  used  in  switch  arc-arresting  dev ices/eguip sent.  The  more 
intense  the  deionization  of  arc,  the  greater  rate  of  change  in  the 
current,  and  the  thereby  aljo  overvoltage. 


For  the  cutoff/discoaaection  of  direct-current  circuits  are 
applied  the  switches  with  arc  eztinction  in  the  air:  knife  switches, 
safety  fuses,  air  breakers  with  insulation  or  with  aetal  plates.  The 


arc-suppression  de vice s/eg uipaent  of  these  switches  provide  such  rat 
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of  chango  la  th*  currant,  at  which  the  overvoltages,  which  appear 
with  th*  cutoff/disconnection  of  direct- current  circuit,  do  not 
exceed  th*  fourfold  value  of  th*  noainal  voltage  of  installation, 
that  it  does  not  constitute  a  threat  to  the  insulation  of  electrical 
eguipaeat  of  the  settings  up  of  direct  current. 

Oil  breakers  in  the  installations  of  direct  current  they  do  not 
applf,  sine*  with  disruption  by  then  direct-current  circuits  in  the 
latter  appear  the  overvoltages,  dangerous  for  the  insulation  of 
electrical  equip sent. 

13-4.  Cutoff/disconnection  of  alternating  current  circuits. 

The  extinction  of  electrical  alternating  current  arc  is 
facilitated  by  the  fact  that  through  each  of  half-period  the 
circuital  currant  passes  through  the  xero  value  and  to  arc  for 
certain  although  very  short,  tine  interval  goes  out.  in  the  majority 
of  the  cutoff  apparatuses  of  alternating  current  is  utilized  this 
aoaent/torq^e  of  transiting  the  current  through  zero  -  the 
noaent/torga*  of  short-tera  arc  extinction. 

Arc-suppression  device/eguipaent  should  create  such  condition, 
so  that  the  arc,  after  going  out  at  current  xero,  no  longer  could  be 
ignited  again.  In  soae  disconnecting  apparatuses  the  conditions  for 
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fiaal  arc  extinction  ar«  created  only  aftar  the  extension  of  arc  to 
the  cooperatively  large  length;  in  then  the  arc  exists  during  10-15 
half-periods  and  even  it  is  sore* 
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Pig.  13*15.  Oscillograa  of  the  cutoff /disconnection  of  direct  current 
by  air  circuit  breaker  (with  boras). 

Key:  (1).  b.  (2).  ».  (3).  a. 

Page  210. 

la  tbe  newest  disc on nectiag  apparatuses  are  applied  such 
poser ful/tfclck  and  ideal  arc-suppression  devices/eguipaent,  that  the 
conditions  for  final  arc  extinction  are  created  in  all  through 
several  half-periods  after  tbe  onset  of  arc. 

1  change  of  alternating  circuital  current  fron  zero  to  amplitude 
value  is  accoapaaied  by  aa  increase  in  the  teuperature  of  arc  and  by 
the  anplification  of  thernal  ionisation  -  the  conductivity  of  arc  gap 
grovs/rises*  voltage  on  arc  decreases  (see  curve  u A  in  Fig.  13-16). 
■1th  reduction  in  current  froa  aaplitude  value  to  zero  power  supplies 
fros  network  to  arc  decreases*  as  a  result  of  which  decrease 
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tuptntut  the  arcs  and  its  ssction  and,  consequently,  also 
intensity  of  thsraal  ionization*  Simultaneously  is  anplified  the 
daioaisatioa  of  arc.  voltage  iacrsasss  (Pig.  13-16) . 

4t  the  soasat  of  transitiag  the  current  through  zero  arcs  it 
goes  oat,  poser  supply  fron  the  network  is  cut  off  and  teaperature  of 
arc  gap  rapidly  descends  so,  that  its  theraal  ionization  ceases. 
However,  certain  conductivity  of  arc  gap  is  retained,  since  it 
reaaias  still  ionized*  Further  change  in  the  conductivity  of 
gap/interval  depends  on  the  intensity  of  its  deionization. 

after  arc  eztiaction  upon  transfer  of  the  current  through  zero 
nost  rapidly  is  deionized  the  near-cathode  space  (in  this  space,  as 
noted  earlier,  occurs  the  intense  recoabination  of  positive  ions  with 
the  electrons,  which  eaerge  froa  the  (fraction/portion  of 
aicrosecond)  near-cathode  space  acquires  dielectric  strength,  equal 
to  150-2507  depending  on  the  teaperature  of  cathode.  After  arc 
eztinction  the  ionization  in  near-cathode  space  is  supported  by  the 
electrons,  eaitted  with  the  incandescent  surface  of  cathode; 
therefore  the  lower  the  teaperature  of  cathode,  the  less  it  is 
eaitted  electrons  fron  its  surface,  the  less  the  inpact  ionization  in 
near-cathode  space,  the  higher  dielectric  strength  of  the  latter 
(dielectric  strength  of  gap/interval  is  deternined  by  that  voltage, 
which  is  necessary  for  its  breakdown).  The  renaining  part  of  arc  gan 
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(arc  itc«u)  is  deionised  considerably  slower. 

The  character  of  a  change  in  dielectric  strength  of  the 
gap/iaterval  bet seen  contacts  after  arc  extinction  at  current  zero 
shoe  carved  oa»l#  0a*2r  0a9J,  0sa't1B#  etc.  in  Fig.  13.16. 


Fig.  13-16.  Oscillograa  of  the  cutoff/disconnection  of  alternating 
car  rent  circuit  with  resistive  load  (cos  Ml)  • 

Page  211. 

ordinates  Oa|f  On*,  etc.  o£  these  carves  are  egaal  to  instantly 
restored  dielectric  strength  of  sear-cathode  space  whose  value 
depends  on  the  type  of  arc-suppression  device/eqaipaent,  sodium,  in 
which  barns  the  arc.  the  distances  between  the  contacts  also  of  the 
series/roa  of  other  factors,  curves  on  sections  a»1,  a*  2,  etc.  show, 
as  changes  dielectric  strength  of  the  re  saining  pact  of  arc  gap.  The 
character  of  these  carves  and  their  inclination/slope  toward  the  axis 
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of  abscissas  depend  on  the  typo  of  the  arc-suppression 
device/egaipnent #  used  in  this  switch.  The  sore  ideal  the 
arc-snppression  device/eguipsent#  i.e.«  the  sore  energetic  the 
deiosisatios  of  the  gap/interval  between  contact s,  the  sore  rapid 
increases  its  dielectric  strength  (for  exaaple,  the  carve  a? 2  in 
coaparisoa  with  the  carve  at1). 

Thus,  for  the  tine  of  arc  extinction  occurs  the  nore  or  less 
rapid  deionisation  of  arc  gap  and  the  decrease  of  its  electrical 
conductivity.  Hev  striking  of  the  arc  into  the  following  half-period 
is  possible  only  in  such  a  case#  when  the  voltage#  applied  between 
the  contacts  of  switch#  proves  to  be  sufficient  for  the  breakdown  of 
arc  gap  and  in  any  case  not  less  1 50-250 v. 

The  voltage#  with  which  it  occurs  striking  of  the  arc,  call 
breakdown  or  ignition  voltage  arcs. 

8y  pheaoaeaon  indicated  above  of  instantaneous  restoration  of 
dielectric  strength  of  near-cathode  space  is  explained  simplicity  of 
the  cutoff/disconnectioa  of  alternating  current  circuits  by  voltage 
of  up  to  229V  by  svitch.  flith  the  cutoff/disccnnection  of  these 
circuits  the  uppearing  on  the  contacts  of  switch  electric  arc  usual  1 
burns  only  to  the  first  transition/junction  of  the  current  through 
zero#  i.a.,  for  a  period  of  tins  is  not  sore  than  0.01  s.  with  the 
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voltage  of  altoraating  curreat  ISO  and  500*  Is  possible  the  onset  of 
prolonged  arc,  especially  with  the  cutoff/disconnection  of 
poverf ul/thick  circuits*  la  the  latter  case  at  the  aonent  of  breaking 
of  contacts  on  the  surface  of  cathode  can  be  foraed  the  strongly 
If  candescent  flanges  fres  surface  of  which  are  eaitted  the  electrons, 
which  ionise  near-cathode  space,  and  consequently,  that  decrease  its 
dielectric  strength,  which  is  restored  at  the  aoaent  of  transiting 
the  current  through  zero. 

h  phenonenon  of  near-cathode  deionization  at  current  zero  can  be 
utilised,  also,  for  the  arc  extinction  of  any  voltage.  For  this  the 
appearing  between  the  contacts  of  switch  arc  they  force  into  the 
arc- suppress! on  grating,  which  consists  of  the  series/row  of  the 
copper  or  steel  plates,  situated  perpendicular  to  the  arc  (see  §3-2; 
Fig.  13-12)*  Arc  overlaps  the  gaps/intervals  between  plates  and  thus 
it  is  granulated  by  several  consecutive  short  arcs,  which  burn 
between  these  plates.  Is  also  created  corresponding  nunber  of 
cathodes*  Upon  transfer  of  the  current  through  zero,  all  these  arcs 
go  out  sinultaneously  and  alaost  instantly  in  each  cathode  (plate  cf 
grating)  is  foraed  the  deionised  space  with  dielectric  strength  of 
order  150-250*.  If  total  dielectric  strength  of  all  near-cathode 
spaces  will  be  note  than  voltage  on  the  contacts  of  switch,  then  arc 
no  longer  will  be  restorad/r educed  and  the  process  of 
cutoff/discoaaection  will  be  coapleted. 
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lith  the  extinction  of  the  long  alternating  current  arcs  of  high 
voltage  the  priaary  leaning  hae  the  deionization  of  arc  stream.  in 
this  case  the  lifetiae  of  the  arc  between  the  contacts  of  switch 
depends  on  the  strength  of  disrupted  current,  cose,  the  voltage  and 
the  paraaeters  of  network  (i.  and  C),  and  also  froa  the  type  of  the 
arc-arresting  device /equipment* 

first  of  all  let  us  bee  one  acquainted  with  the  special 
alternating  current  circuit  with  purely  resistive  load  (cose=i).  Fig. 
13-16  gives  the  erenplary/approxiaate  oscillograa  of  arc  extinction, 
for  the  case  indicated,  on  which  they  are  designated:  u  -  a  line 
voltage  (on  the  terainals/grippers  of  source) ;  i  -  current,  flowing 
through  the  are;  UM  -  voltage  (voltage  drop  across  arc).  In  the 
exaaination  of  oscillograa  one  should  renenber  that  the  contacts  of 
switch  for  the  tine  of  arc  extinction  diverge  froa  certain  rate. 

Since  arc  resistance  active,  the  voltage  uM  and  current  change 
direction  siaultaneously.  the  curve  of  voltage  has  saddle-shaped 
fora,  since  with  an  increase  in  the  current,  flowing  through  the  arc, 
its  resisting  decreases,  and  consequently,  decreases  the  voltage, 
necessary  for  its  aainteaaace* 
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At  the  lONDt  of  0  arc  extinction  at  current  zero  dielectric 
strength  of  the  gap/interval  between  contacts  instantly  teaches  value 
of  Oat  and  then  it  changes  on  the  carve  at1,  as  about  this  it  changes 
on  the  carve  ajl,  as  this  was  discussed  above.  Siaultaneously  on 
sinasoid  grovs/rises  voltage  uv  applied  to  the  gap/interval  between 
contacts.  Since  in  the  beginning  of  process  dielectric  strength  of 
9ap/interval  exceeds  the  applied  to  it  voltage,  then  arc  cannot  again 
inflaae  inaediately  after  the  transitioa/junction  of  the  current 
throagh  zero. 

Page  212. 

At  that  aonent/torgue  when  the  applied  to  gap/interval  voltage 
proves  to  be  equal  to  its  dielectric  strength  (intersection  of  curves 
at  point  ct|,  gap/interval  breaks  down  again  it  ignites  arc.  voltage 
".i  is  the  ignition  voltage  of  arc.  Thus,  for  a  period  of  tine  t,  arc 
does  not  barn. 

After  arc  extinction  at  aoaeat/torqoe  0*  it  does  not  burn 
already  for  a  period  of  tine  t*(>ta,  which  is  explained  by  the  larger 
value  of  the  electric  strength  of  gap/interval  (carve  0'a(il*)  with 
the  new*  larger  distance  between  contacts.  Corresponding  to  this 
increased  and  the  ignition  voltage  of  arc  >  uiV  After  arc 
extinction  at  soaent/torgue  0"  the  arc  no  longer  is  restored,  since 
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illlictclc  strength  of  gap/iaterval  (cur wed  0"  a  •t1"|  renains  always 
•ora  than  voltage  on  arc  gap.  The  process  of  cutoff /disconnection  is 
co opiated* 

If  switch  is  supplied  with  the  sore  advanced  arc-suppression 
device/equipnent ,  then  dielectric  strength  of  gap/interval  will 
change  on  the  curves  Oa*2  and  0*a*22(.  In  this  case  after  arc 
extinction  at  soaeat/torgue  0  arc  are  restored  in  tine  t2*  also,  with 
considerably  larger  ignition  voltage  «JS.  After  extinction  at 
•oaent/torgue  9*  arc  no  longer  are  restored*  since  dielectric 
strength  of  gap/iaterval  (curve  O’a'***}  always  renains  nore  than  the 
voltage,  which  is  restored  on  the  contacts  of  switch. 

By  the  ase/applicatioa  of  the  arc-arresting  device/equipment 
with  even  sore  energetic  deionization  (curve  Oa,3)  it  is  possible  tc 
achieve  final  arc  extinction  at  soaeat/torgue  0.  deionization  of  arc 
gap  by  the  ase/applicatioa  of  special  arc-suppression 
devices/egaipaent*  it  is  possible  to  considerably  shorten  the 
lif etine  of  arc  in  switch. 

Let  us  note  that  the  pauses  of  current  tt*  t**  t,*  Pig.  13-16 
shows  exaggerated*  since  in  actuality  their  duration  is  neasured  by 
aicrosecoads. 


A 
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Pig.  13-17  gives  the  oscillograa  of  the  catoff/disconnection  of 
eitersetisg  cerrest  circuit  is  inductive  carrent,  which  corresponds 
to  the  catoff /disconnect ion  of  circuit  daring  short  circuit. 
Designations  are  left  the  saae  as  in  Pig.  13-16. 

The  basic  difference  in  the  case  in  goestion  froa 
preceding/pre vio as  consists  in  another  character  of  resuaption  of 
voltage  on  the  contacts  of  switch  after  the  transitioa/junction  of 
the  carrent  through  zero. 
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Pig*  13-17*  Oscillogras  of  the  cotoff/disconnection  of  alternating 
current  cireait  with  inductive  load  (cos  #<1). 

Page  213. 

If  with  the  cutoff /disconnection  of  resistive  load  voltage  on 
contacts  was  restored  on  the  sinusoid  of  coneercial  frequency  (Fig. 
13-16|«  then  with  the  cutoff /disconnection  of  the  lagging  current  the 
restored  voltage  on  the  contacts  of  the  seitch  is  changed  on  certain 
curve  «„  (Pig*  13-17)*  At  the  aosent  of  transiting  the  current 
through  sero  (sosest/torgue  o)  voltage  on  arc  gap  is  egual  to  - 

to  the  voltage  of  arc  extinction*  and  the  voltage  of  source  «r 
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(gturitor)  has  opposite  voltage  and  it  is  close  to  aaxiaun  value  u 

Dielectric  strength  of  gap/iaterval  changes  on  the  curve  oal. 

lew  repeated*  by  the  test/sasple  of  the  gap/interval  between  the 
contacts  of  switch  and  striking  of  the  arc  they  are  possible,  as 
noted  above*  only  when  the  voltage  on  arc  gap  will  be  equal  to  the 
ignition  voltage  of  arc.  If  after  arc  extinction  voltage  on  arc  gap 
instantly  changed  in  direction  and  value  and  becaae  equal  to  the 
instantaneous  value  of  the  voltage  of  source  ut,  the  repeated  striking 
of  the  arc  would  occur  ianediately  («r>0a).  However*  in  actuality  an 
instantaneous  change  in  the  voltage  on  arc  gap  is  inpossible  as  a 
result  of  the  presence  in  network  of  certain  inductance  and 
capacity/capacitance  (Fig.  13*18  conditionally  shows  concentrated  L 
and  C) •  Actually/really,  any  change  in  the  voltage  on  arc  gap  is 
accoepanied  by  a  siaultaneous  change  in  the  voltage  also  on  the 
capacity/capacitance  of  network  (in  the  siaplest  case*  led  on  Fig. 
13*18*  uc  =  uj,  in  consequence  of  which  in  network  appears  the 

peraittaace  current*  which  calls  the  loss  of  line  voltage.  In 
proportion  to  the  charge  of  capacity/ capacitance  the  current  in 
network  decreases,  and  consequently,  decreases  and  the  loss  of  line 
voltage  -  voltage  on  arc  gap  is  restored.  As  scjn  as  this  restored 
voltage  will  achieve  the  value*  egual  to  the  ignition  voltage  of  arc 
(aoaents/torques  b  and  b«  in  Fig.  13*17)*  the  arc  again  ignites  and 
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barns  to  tbs  following  transition/ junction  of  the  current  through 
zero,  after  which  the  described  phenonena  are  repeated. 

Bat  if  the  restored  woltage  reaains  always  of  less  than 
dielectric  strength  of  gap/interwal  (carved  0"  a"  1”),  then, 
naturally,  arc  no  longer  is  restored  and  the  process  of  the  work  of 
switch  concludes  (aosent/torgue  0*1 . 

The  sore  intense  the  deionization  of  arc  gap,  the  steeper  the 
change  carved  onl,  o*a*1s,  etc.,  and  consequently,  the  longer  the 
pause  of  current  t,  t*  and  so  forth.  Rith  the  aaplif ication  of  the 
deionisation  of  arc  gap  decreases  the  conaon  duration  of  arcing  in 
switch,  which  lightens  its  work. 

The  process  of  changing  the  value  of  voltage  on  arc  gap  from  the 
value  of  the  voltage  of  arc  extinction  ur,m  to  ignition  voltage,  if 
arc  again  ignites,  or  to  the  voltage  of  source,  if  arc  repeatedly 
does  not  ignite,  they  call  the  process  of  resuuption  of  voltage. 

Voltage  recovery  rate  on  arc  gap,  so  that  follows  frow 
presented,  it  depends  on  1  and  C  of  network.  Rith  increase  in  L  and  c 
voltage  recovery  rate  decreases.  The  greater  voltage  recovery  rate, 
the  less  the  pause  t,  t*  aid  so  forth.  Consequently,  an  increase  in 
voltage  recovery  rate  leads  to  an  increase  of  the  connon  duration  of 
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arciag  ia  snitch,  vhich  uUa  heavier  ita  work. 

ipproxiaately  average/aeaa  voltage  recovery  rate  In  simplest 
leaped  circeit  (Pig.  13-18)  can  be  deter ained  by  the  foraula: 

(du\  «  !0~*  (O 

V3T )cP  =  * — —  [*/**ceic],  (131) 

*5"  K 


key:  (1).  f/ps. 

•here  ut  ®  iaataataaeoea  value  of  the  voltage  of  source  at  the  moment 
of  transltiag  the  current  through  aero;  t/2j/lC3I/4  —  fourth  of  period 
of  oscillations  of  the  restored  voltage. 
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Pig.  13-18.  Schematic  of  network  with  concentrated  L  and  C. 

Page  218. 

Let  es  note  that  voltage  recovery  rate  depends  also  on  the  form 
of  short  circuit,  state  of  arc  gap,  constraction/design  of 
arc-arresting  device  and  seri.es/rov  of  other  factors  vhich  ve  here 
exaaine  cannot.  Incomparably  nore  coaplicated  are  the  schematics  of 
electrical  networks.  Therefore  real  average/aean  voltage  recovery 
rate  can  considerably  differ  froa  determined  in  for aula  (13-1). 
However,  this  foraula  gives  clear  representation  about  the  effect  of 
the  parameters  of  circuit  and  value  of  the  instantaneous  value  of 
voltage  at  the  aoaent  of  arc  extinction  on  the  process  of  the  work  of 
switch. 

Bith  aa  increase  in  phase  displacement  *  increases  the 
instantaneoas  value  of  the  voltage  of  source  u,  at  the  moment  of 
transiting  the  current  through  sero  and,  consequently,  also  voltage 
recovery  rate.  It  is  obvious  that  aaxiaua  voltage  recovery  rate  will 
be  with  the  cutoff /disconnection  of  purely  inductive  short-circuit 
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currant. . 

Pro*  all  that  has  baan  previously  stated,  it  follows  that  the 
switches,  established/installed  aaar  the  generators  of  station,  with 
the  cutof f/disconnection  of  short-circuit  currents  are  located  under 
aora  savara  conditions  in  coaparison  with  tha  switches, 
established/installed  on  the  reducing  substations,  not  only  because 
than  it  is  necessary  to  disrupt  large  in  value  short-circuit 
currants,  but  also  because  near  gaaarators  voltage  recovery  rate  mere 
(lass  than  L  and  c  of  short  circuit). 

Depending  on  the  paraaeters  of  circuit  the  process  of  resumption 
of  voltage  on  arc  gap  froa  aoaaat/torgue  i=0  can  occur  aperiodically 
(unbroken  curve  after  aoaaat/torgue  0") ,  or  periodically  (dotted 
curve  for  tha  suae  half-period)#  which  depends  on  the  parameters  of 
tha  disconnected  circuit. 

Rith  periodic  resuaptioa  of  voltage  the  aaplitude  of  restored 
voltage  can  1.5-2  tiaas  azcaad  the  aaplitude  of 

coaaercial-frequency  voltage'  UH. 

Proa  tha  axaaiaation  of  tha  curves  of  Fig.  11-17  it  is  evident 


that  if  we  with  aperiodic  resuaption  of  voltage  after  arc  extinction 
at  aoaent/torgue  0*  the  arc  are  repeated  cannot,  then  with  periodic 
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resuuptlon  of  voltage  easily  it  css  prove  to  be  that  the  restored 
voltage  will  achieve  the  value  of  dielectric  strength  of  gap/interval 
and  the  latter  there  vill  again  be  probit.  By  such,  shape,  with 
periodic  resusption  of  voltage  the  duration  of  arc  extinction  in 
sviteh  can  substantially  increase,  which  nates  heavier  the  work  of 
switch. 

For  guaranteeing  the  aperiodic  character  resunptions  of  voltage 
and  facilitation  of  the  wort  of  switch  apply  the  shunting  of  arc  gaps 
by  the  effective  resistance,  sinilar  of  given  in  the  diagran  Pig. 
13-14. 

Vith  a  cooperatively  snail  value  of  backs-out  resistor  the 
current  in  the  shunted  arcs  of  fuadaneatal  disruptions  (current  /-/, 
in  Pig.  13-14b|  can  be  considerably  reduced,  which  lightens  their 
extinction.  After  the  arc  extinction  of  fundaaental  disruptions 
renaius  the  current,  flowing  through  backs-out  resistor  and 
suppleeentary  disruption  (4  in  Pig.  13-14c).  This  current  is 
cooperatively  snail,  since  its  value  is  United  by  backs-out 
resistor,  and  it  has  considerable  active  conponent  (cos  a  is  close  to 
unity).  Purtheraore,  since  into  the  disconnected  circuit 
consecutively/serially  prove  to  be  connected  active  backs-out 
resistor,  is  provided  the  aperiodic  character  of  resusption  of 
voltage  on  suppleaeatary  contacts  at  the  nonents  of  transiting  the 
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current  through  zero,  ill  this*  ns  It  appears  of  that  presented 
earlier*  it  lightens  and  accelerates  arc  extinction  in  switch. 

The  shunting  resistors  iaprove  the  work  of  switches  with  the 
cat off /disconnect ion  of  the  low  currents:  charging  rates  of  the 
unloaded  electric  power  lines*  running-light  currents  of 
powerfol/thick  high- voltage  transformers,  about  which  for  greater 
detail*  see  '  £11-1]. 

It  was  above  assaned  (oscillogran  of  Pig.  13-16  and  13- 17) that 
the  arc  goes  out  at  current  zero,  however*  during  the  very  energetic 
deionization  of  arc  it  can  break  itself  and  soaewhat  earlier  than 
current  zero*  thanks  to  which  is  increased  the  pause  of  current,  and 
consequently*  is  facilitated  arc  extinction  in  switch.  At  the  same 
tine  with  a  forced  change  of  the  current  to  zero  in  installation  is 
unavoidable  the  onset  of  the  overvoltages  (as  with  the 
cut off /disconnection  of  the  direct-current  circuits) whose  value  is 
greater*  the  aore  rapid  it  changes  that  to  zero  (the  aore  di/dt)  and 
the  greater  inductance  of  circuit. 

In  conclusion  let  us  note  that  in  soae  types  of  safety  fuses 
with  the  very  energetic  deionisation  of  arc  the  short-circuit  current 
after  suiting  by  saelting  insert  breaks  itself  not  at  the  noment  of 
its  zero  value*  but  considerably  earlier*  than  short-circuit  current 
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it  rtickii  in  pact  value.  It  is  logical  that  also  in  this  case  in 
installation  appenr  the  overvoltages.  In  sore  detail  the  work  of 
these  fuses  is  exaained  in  foilouiag  chapter  14. 


! 

DOC  =  79134614 


PAGE 


Page  215. 

Chapter  Poor tees. 

SAFETY  POSES. 

14- 1.  General  inforaation. 

Safety  fuses  serve  for  the  protection  of  electrical  plants  froa 
the  short-circuit  currents  and  currents  of  overloadings.  Por 
operational  inclusions/connections  and  cutoffs/disconnections  of 
circuits  consecutively/serially  with  safety  devices/fuses  are 
connected  any  switches,  for  exaaple,  knife  switches. 

Safety  fuse  in  essence  is  of  the  aetallic  saelting  of  insert, 
its  supporting  contact  device  and  housing.  Hany  safety  devices/fuses 
have  also  arc-control  devices,  which  is  foraed  with  Belting  by 
saelting  insert. 


With  an  increase  of  the  circuital  current  to  the  specific  value 
the  fuse  link  of  fuse  is  heated  to  the  salting  point  of  aetal  and  is 
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■eltted  (it  burns  out) ,  disconnecting  the  handled  or 
shortened/shorted  out  circuit.  The  greater  the  current,  flowing 
through  the  fuse  link,  the.  aore  rapid  it  nelts  and  is  disconnected 
circuit. 


The  dependence  of  the  tripping  tine  of  circuit  as  safety  fuse  on 
the  strength  of  taking  place  through  it  current  depict  graphically, 
in  the  fora  the  so-called  shielding  characteristics  of  safety  fuse. 
Pig.  14-1  gives  the  characteristics  of  two  safety  devices/fuses  with 
the  fuse  links  to  different  rated  currents  /.ctI</,ct2  Vith  one  and  the 
sane  current,  flowing  through  the  fuse  links,  tripping  tine  is  the 
less  the  less  the  rated  current  saelting  of  insert. 

Should  be  distinguished  the  rated  current  of  safety  device/fuse 
and  rated  current  by  saelting  insert.  By  rated  current  of  safety 
device/fuse  is  understood  the  current  for  which  are  calculated  its 
current-carrying  and  contact  parts,  while  for  rated  current  by 
saelting  insert  -  current,  to  which  is  calculated  fuse  link  itself. 

In  one  and  the  sane  safety  device/fuse  usually  it  is  possible  to 
incorporate  the  fuse  links  to  different  rated  currents. 

Bith  the  how  conveniently  prolonged  course  of  rated  current  the 
fuse  link  of  safety  device/fuse  aust  not  burn  out. 
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The  selection  of  safety  fuses  foe  the  protection  of  electrical 
devices  is  exaained  in  aanageaent/aanuals  on  electrical  networks  [L. 
7-1].  The  shielding  characteristics  of  safety  devices/fuses  accept 
according  to  the  data  of  manufacturing  plants. 

Safety  fuses  aust  satisfy  the  following  fundaaental 
requireaents:  the  reliability  of  operation,  simplicity  of  design, 
saall  overall  sizes,  saali  cost/vaiue,  convenience  in  the  operation. 

If  in  network/grid  are  sstabiished/iastalled  several 
series-connected  fuses,  then  during  short  circuit  in  any  eleaent/cell 
of  network/grid  or  with  its  overloading  aust  burn  out  the  safety 
device/fuse,  which  shields  this  eleaent/cell.  By  this  is  provided  the 
steadiness  of  the  work  of  the  reaaining  element s/cells  of 
network/grid.  For  the  explanation  of  the  aforesaid  let  us  examine  the 
diagraa  of  station  (Fig.  14-2)  the  low  voltage  of  saall  power  with 
safety  fuses  established/installed  on  generator  and  waste/exiting 
lines.  The  current  of  the  load  of  the  waste/exiting  line  is  always 
less  than  the  rated  current  of  generator,  since  each  generator 
usually  supplies  several  waste/exiting  lines.  Therefore  rated  current 
by  saelting  the  insert  of  fuse  1  of  line  is  less  than  the  rated 
carreat  by  saeltiag  insert  of  the  safety  device/fuse  of  2  generators 

-'>  ^»CTl 
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Let  os  assnae  that  the  shielding  characteristics  o£  the  fuse 
links  indicated  are  given  in  Fig.  14-1  (with  respect  1  and  2). 


Pig.  Ik-1.  ttitlliat  ehmctuistics  of  the  fase  links. 


Pig.  Ik-2.  Arran genent/posit ion  of  safety  fuses  in  circuits  of 
station  of  low  voltage  of  saall  power. 

Page  216. 

If  with  which  closing/shorting  at  point  K  current  /,,  is 
coaparatiwely  saall.  then  it  is  possible  with  confidence  to  assert 
that  will  burn  out  the  fuse  linn  of  safety  device/fuse  1  and  to 
disconnect  the  daaaged  line,  since,  judging  by  characteristics, 
tripping  tine  tt  is  considerably  less  than  the  tine  t*  of  the 
cutoff/disconnection  of  circuit  by  fuse  2  with  the  sane  current. 
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Generators  and  other  lines  Hill  continue  to  work  normally. 

iith  an  increase  in  the  short-circuit  current  this  difference  in 
the  tin  of  the  burn-out  of  tuo  series-connected  safety  derices/fuses 
decreases  also  with  high  currents,  for  exaaple,  with  current  /k.,  the 
difference  between  t*t  and  t*x  becones  saall  and  already  there  is  no 
confidence,  which  during  short  circuit  at  point  K  will  coapulsorily 
opera t e/act uate  safety  device/fuse  1  of  line.  Actually/really,  if  the 
fuse  link  of  the  safety  device/fuse  of  2  generators  had  during  the 
nornal  node  of  work  the  teaperature  aore  than  noraal  or  any 
aechanical  defects  (scratches,  fractures,  hollows  and,  the  like) , 
then  it  can  burn  out  earlier  than  will  burn  out  the  fuse  link  of  fuse 
of  line.  Because  of  this  wxll  be  ended  the  feed  of  all  waste/exiting 
lines  of  station.  In  the  first  of  the  ex  sained  cases  fuse  1  it 
disconnected  circuit  selectively,  and  in  the  second  case  fuse  2  it 
operated/actuated  nonselectively.  By  the  selective  action  of  fuses  is 
understood  the  burn-out  only  of  that  safety  device/fuse,  which  is 
nearest  to  the  place  of  short  circuit. 

Therefore  upon  series  connection  into  the  circuit  of  several 
safety  devices/fuses  one  should  check  according  to  their 
characteristics,  will  be  provided  their  selective  action  with  aaxiaua 
possible  short-circuit  current  in  this  installation.  If  are  installed 
uaifora  safety  devices/fuses  with  the  fuse  links  froa  identical 
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aaterial,  then  for  guaranteeing  the  selectivity  of  their  action  it  is 
necessary  that  the  rated  currents  of  the  fuse  links  of  the 
series-connect9d  safety  devices/fuses  it  would  differ  froe  each 
other,  as  far  as  possible,  to  two  steps/stages  of  the  scale  of  the 
rated  currents  (see~Table  P-11). 


The  characteristics  of  the  fuse  links  are  very  unstable  -  the 
fuse  eelting  tine  strongly  depends  on  the  state  of  circuit  contacts 
and  by  the  very  saelting  of  insert.  If  contact  surfaces  are 
badly/poorly  aatched  and  strongly  oxidized,  if  contact  screws  are 
badly /poorly  tightened,  then  as  a  result  of  increased  contact 
resistance  of  contacts  they  overheat  both  contact  systea  of  safety 
device/fuse  and  its  fuse  link.  The  strong  overheating  of  the  latter 
can  lead  to  its  nonselective  burn-out  with  short  circuits  and 
overloadings  and  to  its  even  burn-out  with  the  current  of  less  than 
the  noainal.  Then  is  possible  as  a  result  of  the  high  teaperature  of 
surrounding  air  and  the  so-called  "ageing"  of  the  aetal  of  insert  - 
in  the  course  of  tine  the  surface  of  insert  is  oxidized  and  its 
useful  section  decreases,  batter/last  phenoaenon  aanifests  itself 
especially  sharply,  if  in  operation  insert  frequently  overheats. 


The  tripping  tiae  of  circuit  by  safety  fuse  depends  also  on  the 
aetal  froa  which  is  prepared  the  fuse  link,  and  the  type  of  the  used 
arc-suppression  device/eguipaent.  The  wore  ideal  the  arc-suppression 
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devi.ee/equipae at,  the  aoce  current  it  can  disconnect  safety 
device/fuse.  That  aaxiaua  current  which  safety  device/fuse  can 
disconnect  without  any  strains,  which  block  its  further  exact  work 
after  the  exchange  by  saelting  insert,  call  Uniting  current  the 
cutoffs/disconnections  of  safety  device/fuse  ( I OTK.np^' 

Cutof f /disconnection  by  fuse  of  larger  current  can  lead  to  its 
decoa position,  and  possibly  also  to  arc- over  of  shortly  adjacent 
phases. 

Drawback  of  safety  oevices/f uses  is  also  the  need  of  exchanging 
the  fuse  links  after  their  burn-out.  Let  us  incidentally  note  the 
inadaissibility  of  the  use/application  of  the  "honeaade"  inserts 
whose  characteristics  can  sharply  differ  froa  the  characteristics  of 
the  inserts  of  in-house  production.  The  use/application  of  hoaeaade 
inserts  leads  frequently  to  the  nouselective  cutoffs/disconnections 
of  circuits  and  the  disturbance/breakdown  of  the  nourishnent  of 
users. 

The  fuse  links  of  safety  devices/fuses  are  aanufactured  froa 
lead,  alloys  of  lead  with  tin,  zinc,  aluainua,  copper,  silver  and 
soae  other  aetals. 


Lead,  alloys  of  lead  with  tin,  zinc  have  coaparatively  low 
aelting  point  (with  respect  327,  200  and  420°C)  and  saall  electrical 
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conductivity.  Therefore  the  section  of  the  fuse  links  froa  these 
Betels  is  obtained  considerable,  especially  With  large  rated 
currents.  Such  inserts  are  applied  only  in  fuses  to  500  in 
inclusively.  Zinc  inserts  are  better  than  lead  ones,  since  they  are 
less  oxidized  by  ataosphenc  oxygen  (is  less  ageing),  and  therefore 
possess  aore  stable  characteristics. 

Page  217. 

In  safety  devices/f uses  by  voltage  higher  than  1000  V  aassive 
fuse  links  are  not  applied,  since  foraing  under  the  action  of  arc 
vapors  of  aetal  iapede  the  process  of  its  extinction  (chapter  13). 
Massive  inserts  are  undesirable  also  in  the  open  safety 
devices/fuses,  since  in  tnis  case  with  bloving  occurs  the  sputtering 
of  the  large  aass  of  aolten  aetal,  which  is  dangerous  for  the  service 
personnel  and  the  nearest  eguipaent. 

Copper  and  silver  possess  high  electrical  conductivity  and 
considerable  aelting  point:  with  respect  to  1080  and  960°C.  Large 
advantage  of  copper  and  silver  inserts  -  snail  section.  Copper 
inserts  had  extensive  application  in  safety  devices/fuses  to  all 
voltages  do  and  higher  than  1000  V  .  So  that  copper  of  insert  would 
not  be  oxidized  by  ataospheric  oxygen,  are  applied  tinplated,  but 
with  saall  sections  also  silver-plated  copper  inserts.  Such  inserts 
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ace  less  subjected  to  ageing  and  possess  aore  stable  shielding 
characteristics. 

The  silver  inserts  of  say;  therefore  thea  apply  aainly  in  safety 
devices/fuses  by  voltage  higher  1000  V  by  saall  rated  currents.  In 
safety  devices/fuses  for  tae  protection  of  voltage  transforaers  whose 
operating  currents  are  very  saall,  are  applied  also  fuse  links  of 
constantan  or  Hichroae. 

An  essential  deficiency/lack  m  the  copper  and  silver  fuse  links 
is  coaparatively  high  teaperature  of  their  aelting.  with  prolonged 
course  through  the  safety  device/fuse  of  current,  soaewhat  saaller 
current,  which  aelts  insert,  copper  or  silver  inserts  can  long, 
without  being  aeltted,  to  be  heated  to  teaperature  of  900°c  and  even 
soaewhat  larger.  So  high  and  prolonged  a  heating  of  the  fuse  links 
can  lead  to  the  excessive  overheating  of  contact  systen  and  housing 
of  safety  device/fuse,  especially  closed  safety  devices/fuses,  which 
can  be  the  reason  for  their  decoaposition. 

Therefore  in  the  closed  safety  devices/fuses  with  silver  and 
copper  inserts  apply  artificial  aethods  decreases  in  the  aelting 
point  of  inserts.  By  siaplest  and  rational  aethod  is  deposition  on 
wires  saelting  the  insert  of  aetallic  solvent  in  the  fora  of  the 
soldered  on  on  thea  saall  balls/spheres  froa  tin  or  lead.  During 
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heating  by  saeltiag  insert  to  the  eelting  point  of  tin  or  lead  on  by 
saelting  to  insert  are  forned  drops  of  aolten  tin  or  lead.  Molten  tin 
or  lead  dissolves  in  itself  the  sore  high-selting  aetal  of  insert 
(copper,  silver),  as  a  result  of  which  the  insert  in  the  place  of  the 
deposition  of  balls/spheres  breaks  down  itself  and  is  disrupted. 
Foraing  in  the  place  of  disruption  arc  aelts  insert  all  its  over 
length. 

Thus,  during  the  use/application  of  aetallic  solvents  it  is 
possible  to  obtain  the  inserts  of  a  snail  section  at  a  Belting  point, 
a  little  which  exceeds  the  aelting  point  of  tin  or  lead,  thanks  to 
which  is  facilitated  the  arc  extinction  (it  is  snail  vapors  of  aetal) 
and  is  reaoved  the  danger  of  overheating  housing  and  contact  systea 
of  safety  device/fuse  with  its  prolonged  overloading.  The  ball/sphere 
of  solvent  virtually  does  not  affect  the  process  of  aelting  by 
saelting  insert  by  short-circuit  current. 

Advantages  of  the  safety  fuses:  coaparatively  snail  cost/value, 
siaplicity  of  device/eguipaent  and  aaintenance/servicing,  snail 
sizes/di aensions. 

Great  use/application  safety  fuses  were  obtained  in 


installations  by  voltage  to  1000  V  inclusively.  In  the  installations 
of  high  voltage  to  10-45  kV  and  rarely  above  safety  fuses  are  applied 
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for  the  protection  of  low-power  radial  networks/grids,  snail 
transforner  substations  and  in  soae  other  cases.  Are  used  extensively 
safety  devices/fuses  for  the  protection  of  voltage  transforaers. 

H-2.  Constructions/designs  of  safety  devices/fuses. 

The  siaplest  safety  devices/fuses  for  installations  voltage  to 
1000  f  are  safety  devicea/f uses  ianellar  and  stopper. 

Laaellar  safety  devices/f uses  do  not  have  arc-suppression 
devices/egoipnent  and  therefore  they  are  capable  of  disrupting  very 
snail  short-circuit  currents.  With  the  nelting  of  these  safety 
devices/fuses  is  forned  the  open  arc  and  proceeds  the  sputtering  of 
nolten  netal  and  propagation  in  different  directions  fron  the  safety 
device/fuse  of  incandescent  and  ionized  gases,  which  is  dangerous  for 
the  service  personnel  and  the  surrounding  electrical  eguipnent. 
Therefore  in  new  installations  Ianellar  safety  devices/fuses  do  not 

•ppiy. 

Page  218. 

Stopper  safety  devices/f uses  are  used  extensively  for  the 
protection  of  electrical  illuainating  installations  and  electric 
notors  of  snail  power  by  voltage  to  380  V  (wore  rarely,  500  7).  Their 
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advantage  in  the  fact  that  the  plug  is  unscrewed  without  touch  to 
parts,  which  are  located  under  voltage,  and  the  exchange  by  saelting 
insert  is  possible  only  with  the  unscrewed  plug. 

Safety  devices/fuses  with  the  open  porcelain  tubes  earlier  were 
used  extensively  in  the  installations  of  all  voltages  to  35  kV 
inclusively. 

In  these  safety  devices/fuses  the  fuse  link  is  passed  inside  of 
the  open  froa  ends/faces  porcelain  tube  and  is  secured  by 
screws/propellers  to  claaps  at  the  ends/leads  of  this  tube.  Kith  the 
aelting  of  insert  and  striking  of  the  arc  the  pressure  within  tube 
increases  as  a  result  of  the  appearance  of  vapors  of  aetal  and  strong 
heating  of  the  trapped  in  the  tube  air.  Forning  gases  and  expanded 
air  are  blown  out  upward  and  downward  froa  the  open  ends/leads  of  the 
tube  *  appears  the  longitudinal  gas  blast,  which  deionizes  and  which 
guenches  an  arc.  However,  the  effectiveness  of  this  blast  is  snail  as 
a  result  of  a  saall  quantity  and  the  snail  gas  pressure  in  tube  and, 
consequently,  also  the  low  speed  of  gases,  but  so  as  a  result  of  use 
for  blast  and  deionization  of  the  arc  of  the  ionized  and  heated 
gases.  Therefore  these  safety  devices/fuses  can  disrupt  only  snail 
short-circuit  currents  aad  their  disconnecting  ability  is  conpletely 
insufficient  for  contenporary  powerful/thick  power  systens. 


i 
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ft  def icieacy/lack  la  these  safety  devices/fuses  is  also  the  fact 
that  with  burn-out  by  smelting  insert  fros  the  open  ends/leads  of  the 
tube  are  rejected  up  to  considerable  distance  the  splashes  of  aolten 
setal  and  incandescent  ionized  gases  which  are  dangerous  for  the 
service  personnel  and  the  surrounding  electrical  equipaent. 

At  present  fuses  with  the  open  tubes  does  not  apply. 

Horny  safety  devices/f uses  are  also  one  of  the  old 
constructions/designs  of  high-voltage  safety  fuses  for  external 
installation.  In  then  the  fuse  link  is  fastened  at  the  bend  of  the 
eetallic  horns,  established/installed  on  stand-off  insulators.  lith 
burn-out  by  snelting  insert  the  arc  overlaps  the  gap/interval  between 
horns  and  under  the  effect  of  electrodynanic  forces  and  flow  of  warn 
air  it  rises  upward.  Passing  through  air,  arc  is  cooled,  it  is 
deionized  and  goes  out.  The  fora  of  horns  leads  to  an  increase  in  the 
arc  length  in  proportion  to  lift  it  upward.  Deficiencies/lacks  in  the 
horny  safety  devices/fuses;  slow  arc  extinction,  propagation  of  arc 
to  the  high  altitude  above  horns,  snail  disconnecting  ability. 

At  present  these  safety  devices/fuses  are  applied  rarely  and 
only  in  external  installations  by  voltage  to  35  kV  inclusively. 

Safety  devices/fuses  with  the  closed  fiber  tubes  of  the  type  PR 
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are  applied  ia  the  installations  of  direct  aod  alternating  current  by 
voltage  to  500  T  inclusively,  also,  to  rated  currents  to  1000  A. 

Pig.  14-3  gives  the  section/cut  of  receptacle,  while  in  Pig. 

14-4  the  general  view  of  a  safety  device/fuse  of  the  type  PR-2.  At 
both  ends/leads  of  fiber  tube  1  are  screwed  brass  caps/hoods  3,  which 
fasten  contact  knives  4,  to  which  by  bolts  5  is  attached  zinc  fuse 
link  6.  Knives  4  throw  in  thesselves  into  notionless  spring  contacts 
7,  adjusted  on  insulating  plate/slab  8. 

The  safety  devices/fuses  to  rated  currents  to  60  fi  contact  of 
knives  4  do  not  have  and  brass  caps/hoods  3  are  siaultaneously  the 
contacts,  notched  into  the  sotronless  contact  springs  of  7 
corresponding  foras. 


» 


k 
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Pig.  14-9  .  Safety  dev ice/fuse  tubular  of  type  PR-2  on  100-350  4,  to 
500 

Key:  (1)  •  to. 

Page  219. 

In  safety  devices/fuses  of  the  type  PR  are  applied  the  figure 
laeellar  zinc  inserts,  which  take  2-4  narrowed  place  (Pig.  14-3  and 
14-5|  .  In  the  narroued  places  of  insert  is  separated/liberated  eore 
heat,  than  in  uide  parts,  since  their  electrical  resistance  is  lore. 
In  noraal  node  the  heat,  uhich  separates  in  the  drafts  of  the  insert, 
is  abstracted/reaoved  because  of  theraal  conductivity  to  the  less 
heated  wide  parts  of  the  insert  and  to  the  contact  Knives,  of  which 
it  is  scattered  into  the  environaent.  The  aost  heated  region  is 
located  in  the  places  of  transition/ junction  froa  narrow  to  wide  part 
insert.  In  one  of  these  aost  heated  places  is  aeltted  the  fuse  link 
with  the  currents  of  overload  (Pig.  14-5b) . 

During  short  circuits  the  current,  flowing  on  by  saelting  to 
insert,  grows/rises  very  rapidly;  therefore  the  large  quantity  of 
heat,  which  separates  in  the  narrow  sections  of  the  insert,  does  not 
aanage  to  be  abstracted/reaoved  and  insert  is  aeltted  virtually 
siaultaaeously  in  all  bottlenechs  as  is  evident  in  Pig.  14-5c. 
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The  duration  o£  arcing  in  safety  device/fuse  with  the  disruption 
of  short-circuit  current  coa poses  a  total  of  several  thousandths  of  a 
second,  for  which  the  separated/liberated  wide  part  by  saelting 
insert  aanages  to  aove  for  the  insignificant  part  of  the  ailliaeter 
[L-  14-1].  Therefore  in  the  exaaination  of  the  work  of  safety 
device/fuse  with  the  cutoff/disconnection  of  short-circuit  current 
one  should  consider  that  the  separated/liberated  wide  parts  of  the 
insert  continue  to  hover  and  in  the  receptacle  of  safety  device/fuse 
appears  nultiple  break  with  a  nueber  of  consecutively/serially 
burning  arcs,  the  equal  to  a  nuaber  of^  bottlenecks  snelting  of  insert 
(two  in  safety  devices/fuses  on  25b  »&o  four  in  safety  devices/fuses 
to  500  ±) ,  This  separation  of  arc  into  several  short  arcs,  which  burn 
between  nassive  wide  parts  by  saelting  insert,  contributes  to  arc 
extinction  just  as  its  separation  into  the  series/row  of  short  arcs 
in  arc-suppression  grating  with  the  aetallic  plates  (see  §13-2). 

The  fiber  froa  which  is  aade  the  tube  of  receptacle,  is 
gas-generating  aaterial.  with  nurn-out  by  saelting  insert  and 
foraation  of  arc  under  the  action  of  its  high  teaperature  certain 
quantity  of  fiber  passes  into  gaseous  state.  Fiber  allots 
approxiaately/exeaplarily  HOo/o  of  hydrogen,  50o/o  of  carbon  dioxide 
and  lOo/o  of  water  vapor;  all  these  gases  possess  the  high 
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arc-arresting  properties  (see  §13-2). 

Furthermore,  evaporates  tbs  part  of  zinc  fros  which  is  nade  the 
fuse  link. 

Since  the  receptacle  of  safety  device/fuse  is  closed  and  its 
space  is  snail,  then  because  of  the  generation  of  gases,  and 
especially  as  a  result  of  the  considerable  heating  of  gases  by  arc, 
pressure  in  receptacle  greatly  rapidly  grows/rises  and  the  greater, 
the  greater  the  disconnected  current.  fith  the  cutoff/disconnection 
of  short-circuit  current  the  pressure  in  the  receptacles  of  sone 
safety  devices/fuses  of  the  type  PB-2  reaches  100  atn(gage)  and  even 
higher  (receptacles  have  approxinately/exenplarily  dual  safety 
factor)  . 

In  §13-2  it  was  indicated  that  with  an  increase  in  the  gas 
pressure  the  deionization  of  arc  is  aaplified  and  the  voltage, 
necessary  for  its  naintenance,  increases.  The  deionization  of  arc 
substantially  contributes  and  the  high  arc-arresting  properties  of 
gases  in  receptacle.  The  vapors  of  netal  inpede  the  deionization  of 
arc,  but  then  in  receptacle  coaparatively  a  little,  since  evaporates 
only  a  snail  fraction  of  the  insert  (Fig.  14-5). 


fith  the  cutoff /disconnection  of  short-circuit  current  because 
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of  the  energetic  deionization  of  arc  its  resistor/resistance  so 
rapidly  and  considerably  increases  that  the  short-circuit  current  in 
circuit  forced  decreases  to  zero  earlier,  rather  than  in  alternating 
current  circuit  it  will  achieve  iapact  value,  and  in  direct-current 
circuit  -  the  steady  value. 

A  change  in  the  current  and  voltage  in  the  simplest  alternating 
current  circuit  (Fig.  14-6a)  with  cutoff /disconnection  by  its  safety 
device/fuse  of  the  type  P fi  is  shown  in  Fig.  14-6b,  where  u  and  i  -  a 
phase  voltage  and  the  current  of  the  circuit,  in  which  are 
eetablished/inst ailed  the  safety  devices/fuses.  Short  circuit  occurs 
at  noeeat/torgee  o.  Dotted  line  shows,  as  would  change  short-circuit 
curreat  <«  in  circuit  in  the  absence  in  it  of  safety  devices/fuses. 


i 


| 
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Pig. . 14-5.  liic  fusible  laser t  o t  safety  devices/fuses  of  the  type  PB 
to  200«^,  250  T.  a)  the  insert,  which  did  not  burn  out;  b)  the  insert. 

A 

burning  out  with  the  overloading;  c)  the  insert,  which  burned  out 
during  short  circuit. 

Page  220. 

For  tine  tt  the  circuital  current  increases  and  fusible  insert 
is  heated,  on  the  achieveaent  oy  the  current  of  value  i  the  insert  is 
ael£|W  and  appear  arcs  in  all  its  aolten  bottlenecks.  As  a  result  of 
a  rapid  increase  of  the  resistor/resistance  of  these  arcs  the 
circuital  current  decreases  to  zero.  Tine  t  -  this  is  the  tripping 
tiae  of  circuit  by  safety  device/fuse  (about  0.01  s) .  Thus, 
short-circuit  current  does  not  reach  its  aaxiaua  inpact  value  «y; 
safety  device/fuse  liaits  circuital  current  by  value  i.  Such  safety 
devices/fuses  are  called  current-liaitin g.  Their  disconnecting 
ability  is  great:  with  voltage  380  Y  it  reaches  23  kA  (effective 
value)  . 
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During  the  use/application  of  such  safety  devices/fuses 
considerably  is  facilitated  the  work  of  electrical  equipment  during 
short  circuits.  Virtually  the  electrical  equipaent,  shielded  by  these 
safety  d e vice s/f uses,  it  is  possible  not  to  check  against  the  actions 
of  short-circuit  currents. 

The  rapid  forced  change  in  the  current  causes  (see  §13-3) 
induction  in  the  inductance  of  the  disconnected  circuit  of  eaf,  which 
is  superinposed  on  line  voltage,  as  a  result  of  which  appear  the 
overvoltages.  The  nore  rapid  changes  the  current  and  the  greater  the 
inductance  of  circuit,  the  greater  the  overvoltage.  In  Pig.  14-6b  it 
is  evident  that  at  the  aoaent  of  short  circuit  the  line  voltage 
decreased  to  zero,  and  then  after  the  onset  in  the  safety  device/fuse 
of  arc  sharply  increased,  after  achieving  certain  aaxiaua  value 

After  arc  extinction  (i=0)  the  line  voltage  becoaes  newly 

aorsal. 

On  construction/design  by  saelting  insert  and  receptacle  of 
safety  device/fuse  depends  the  intensity  of  the  deionization  of  arc 
and,  consequently,  also  the  value  of  overvoltage.  Soviet  safety 
levlces/f uses  with  the  closed  fiber  tubes  are  carried  out  so  that  the 
appearing  overvoltages  are  not  dangerous  for  electrical  equipment  of 
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those  installations  where  thee  are  applied  (to  500  ^  inclusively) . 

\ 

The  use/application  of  zinc  fuse  link.*  in  fuses  PB  is  explained 
by  their  not  only  indicated  above  advantages  in  comparison  with 
inserts  fron  lead  and  fron  its  alloys  with  tin.  High  value  has  that 
the  fact  that  daring  the  use/application  of  a  zinc  insert  the 
teeperature  within  tube  in  operation  cannot  be  higher  than  eelting 
point  of  zinc,  egual  to  420<*C.  Kith  copper  inserts  the  teeperature 
within  tube  long  can  be  close  to  the  eelting  point  of  copper ,  i.e.# 
about  1080°C,  which  can  lead  to  the  strong  charring  of  the  internal 
surface  of  fiber  tube  and  the  daaage  of  the  insulation  of  lead  wires. 

To  advantages  of  safety  devices/fuses  with  the  closed  tubes 
should  be  also  related  greater  safety  for  the  service  personnel  and 
possibility  of  the  lore  cob pact  location  of  eguipeent  on  the 
distributing  franes  and  asseablies. 

Safety  devices/fuses  with  fine-grained  filler  received  in  recent 
years  very  wide  acceptance  m  the  electrical  devices  of  all  voltages 
to  35  kv  inclusively. 

The  receptacles  of  these  safety  devices/fuses  are  perforeed  fron 
closed  froe  both  ends/faces  of  tubes  from  insulation.  The  fuse  link 
is  located  within  the  receptacle,  filled  with  any  fine-grained 
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insulation,  usually  by  guartz  sand.  Therefore  during  functioning  of 
these  safety  devices/fuses  of  rhea  are  not  rejected  flaae  and  ionized 
gases*  which  siaplifies  their  installation  in  distributors  and  raises 
the  safety  of  aaintenance/servicing.  Work  they  noiselessly. 


Fig.  1%-6.  Ctmd  changes  in  tne  currant  and  voltage  with 

cutof f/disconnection  by  the  current-liniting  safety  device/fuse  of 

alternating  current  circuit  during  short  circuit. 

Page  221. 

Vith  the  aelting  of  insert  the  arc  burns  in  the  channel  of  a 
saall  diaaeter,  foraed  by  tne  body  of  the  vaporized  by  saelting 
insert.  The  intiaate  contact  ot  arc  with  the  surrounding  filler 
aaplifies  the  deionization  of  arc.  In  §13-2  it  was  indicated  that  for 
arc  aaintenance  in  the  channel  of  a  saall  diaaeter  is  required  the 
considerably  higher  electric  intensity,  rather  than  for  the  freely 
burning  arc. 
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The  intensity  of  arc  extinction  in  safety  device/fuse  with 
filler  depends  on  section*  length  and  naterial  by  snelting  insert* 
and  also  on  the  naterial  of  filler  and  size  of  its  grains.  &  good 
filler  is  pare/clean  quartz  sand,  with  granular  filler  incandescent 
and  ionized  gases*  which  are  foraed  after  evaporation  by  snelting 
insert*  penetrate  the  gaps/intervals  between  grains  of  filler  and* 
being  contacted  with  the  surface  of  the  latter*  they  are  deionized. 
The  vapors  of  aetal  are  condensed.  Therefore  decreases  a  quantity  of 
ionized  particles  and  vapors  of  aetal  in  the  channel*  foraed  by  the 
body  of  the  vaporized  by  snelting  insert*  which  facilitates  and 
accelerates  arc  extinction. 

Vith  large  cross  section  by  snelting  insert*  and  consequently* 
with  a  large  diaaeter  of  channel  and  a  large  quantity  of  vapors  of 
natal*  which  are  foraed  after  evaporation  by  snelting  insert*  the  arc 
extinction  becoaes  difficult  as  a  result  of  its  insufficiently 
intense  deionization.  Therefore  the  fuse  links  of  quartz  safety 
devices/f uses  are  perforned  froa  copper*  silver*  constantan. 

The  fuse  links  of  guartz  safety  devices/fuses  are  perforned  of 
one  or  several  parallel  wires;  as  a  result  of  the  best  cooling  of 
thin  wires  the  overall  section  of  insert  is  less.  With  several 
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parallel  wires  the  arc  appears  in  several  parallel  channels  of  a 
saall  diameter,  which  facilitates  its  extinction  (less  than  vapors  of 
metal,  better  cooling  arc,  aore  intense  recombination  and  diffusion 
of  the  charged/loaded  particles,  use  of  larger  space  of  filler). 

For  warning/preventing  overheating  receptacle  with  the  prolonged 
overloading  of  fuse,  which  is  not  accoapanied  by  melting  by  saelting 
the  inserts,  will  deposit  to  the  fuse  links  solvents  in  the  fora  of 
the  tin  or  lead  balls/spheres  (see  above). 

Filler  absorbs  the  significant  part  of  the  energy  of  arc; 
therefore  pressure  in  quartz  safety  devices/fuses  is  considerably 
less,  rather  than  in  safety  devices/fuses  with  closed  fiber  tubes 
with  the  saae  of  voltage  and  the  saae  disconnected  current. 

If  through  the  quartz  safety  device /fuse  flows/occurs/lasts  the 
currant  of  overloading,  then  the  fuse  link  first  is  aeltted  and  is 
disrupted  in  the  places  of  the  imposition  of  solvent.  Forming  arc 
melts  then  insert  all  over  length.  Arc  finally  goes  out  into  one  of 
the  aoaents/torques  of  transiting  the  current  through  zero,  when  the 
speed  of  an  increase  in  dielectric  strength  of  gap/iaterval  proves  to 
be  aore  than  the  rate  of  the  increase  of  the  restored  in  gap/interval 
voltage. 
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Bith  coarse  through  the  safety  dev ice/fuse  of  short-circuit 
current  thin  fuse  link  aieost  instantly  is  eeltted  and  evaporates  all 
over  length.  Pressure  in  channel  is  raised,  the  vapors  of  aetal  are 
splashed  the  sides  and  penetrate  the  depth  of  quartz  sand  where  they 
condense  on  its  particles. 

Since  the  appearing  at  aonent/torgue  evaporations  by  saelting 
insert  vapors  of  aetal  are  weakly  ionized,  the  resistor/re si stance  of 
arc  gap  proves  to  be  considerable  and  circuital  current  sharply 
decreases  (tiae  t*  in  Pig.  14-6).  Sinultaaeowsly  in  circuit  appears 
the  overvoltage,  which  reaches  aaxiaua  value  UMttHnut.  this 
overvoltage,  which  considerably  exceeds  noraal  line  voltage,  supports 
the  arc,  which  burns  in  the  weakly  ionized  narrow  channel  within 
filler.  Further  due  to  theraal  ionization  the  resistor/resistance  of 
arc  gap  grows/rises  already  soaewhat  slower,  in  consequence  of  which 
rate  of  change  in  the  current  also  becoaes  less  -  current  changes  to 
zero,  but  it  is  considerably  slower  (tine  t3  in  Fig.  14-6). 
Respectively  decreases  the  voltage,  necessary  for  arc  aaintenance 
and,  consequently,  also  the  value  of  overvoltage.  After  tiae  t  after 
the  beginning  of  short  circuit  the  cutoff /disconnect ion  of  circuit 
ends  and  overvoltage  was  discontinued  -  line  voltage  is  again  equal 
noraal. 

Froa  that  presented  it  is  evident  that,  as  safety  devices/fuses 
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of  the  type  PH,  quart*  safety  devices/fuses  are  the  current-liniting 
apparatuses. 

* 

The  value  of  the  overvoltage,  which  appears  with  the  burn-out  of 
quarts  safety  device/fuse,  depends  on  the  length  of  insert.  The 
greater  the  length  of  insert,  i. e. ,  the  greater  the  length  of  channel 
at  the  aonent  of  evaporating  the  insert,  the  higher  the  voltage 
necessary  for  arc  naintenance  in  this  channel,  the  greater  the  value 
of  overvoltage. 

Page  222. 

The  length  of  the  fuse  links  of  safety  devices/fuses  to  voltages 
to  500  ^  is  inclusively  snail;  therefore  also  the  overvoltages,  which 
appear  with  their  burn-out,  are  coaparatively  snail  and  dangerous  for 
insulation  electrical  eguipaent  of  the  installations  of  these 
voltages. 

In  contrast  to  this  the  fuse  links  of  quartz  safety 
devices/fuses  by  voltages  of  higher  than  1000  jl  have  large  length, 
therefore,  if  are  not  accepted  special  aeasures,  overvoltages  with 
their  barn-out  during  short  circuits  can  reach  value  to  h.5  U^, 

which  is  already  dangerous  for  the  insulation  of  electrical 
eguipaent. 
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By  the  simplest  nethod,  which  liaits  the  value  of  the 
overvoltages  indicated,  is  use/application  the  stepped  saelting  of 
the  insert,  comprised  along  the  length  of  two  wires  of  different 
section.  In  this  case  initially  is  aeltted  and  evaporates  the  part  of 
the  insert  in  section  with  saaller  section.  Appearing  in  this  case 
overvoltage  will  be  less  as  a  result  of  the  saaller  length  of 
channel,  in  which  initially  burns  the  arc.  Further  is  aeltted  the 
second  section  of  the  insert  of  larger  section,  and  arc  is 
dilated/extended  to  full/total/coaplete  calculated  length.  As  a 
result  of  entire  this  circuital  current  decreases  sonewhat  slower  and 
overvoltage  does  not  exceed  (2-2.$)  u,r  In  spite  of  certain 
artificial  delay/retarding/deceleration  of  process,  tine  t  of  the 
cutoff/disconnection  of  circuit  with  the  large  aultiplicities  of 
short-circuit  current  reaains  very  saall,  order  0.005-0.008  s. 

The  saae  results  they  reach,  supplying  safety  device/fuse  with 
auxiliary  insert  with  discharger.  In  the  Biddle  of  this  insert,  into 
its  crosscut,  they  insert  the  porcelain  ring,  in  which  are  secured 
its  ends.  The  section  of  auxiliary  insert  on  both  sides  of  porcelain 
ring  is  taken  different  (on  the  one  hand  section  two  tiaes  aore  -  two 
twisted  together  wires). 


-i 
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After  the  barn-oat  cf  working  insert  the  voltage  increases,  and 
when  overvoltage  achieves  certain  value,  discharger  of  auxiliary 
insert  breaks  down  and  the  disconnected  current  begins  to 
flow/occur/last  through  the  auxiliary  insert  which  burns  out  as 
stepped,  and  is  disconnected  circuit. 


For  installations  to  500  7  inclusively  soviet  plants  nanufacture 

quartz  fuses  of  the  type  PH2  with  disnountable  receptacles  to  rated 

4 

currents  100-600  a  and  type  RPR  with  noncollapsable  receptacles  on  15 

/I  ■ 

and  60  a.  The  receptacles  of  safety  devices/fuses  of  the  type  RPR  are 
not  subject  to  overcharging  and  with  burn-out  wust  be  replaced  by  new 
ones  [L.  14-2]. 


1 
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Pig.  19-7.  Safety  device/fuae  of  tka  tfpa  PI2-400  oa  400 


t-  500  t 


Page  223. 


Pig.  14-7  shows  fuse  of  the  type  PV2-400  to  rated  current  400  ^ 

The  receptacle  of  feee  coaaists  of  agaare  porcelain  tube  1  with 
circular  central  openiag/aperture,  two  aetallic  covers/cape  2,  fixed 
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by  screws/propellers  3  to  tbs  ends/faces  of  the  porcelain  tube  of 
which  for  this  there  are  openings/apertures  with  cutting,  two  contact 
knives  4,  fixed  by  screws/propellers  5  to  covers/caps  2,  and  fuse 
links  6,  fastened/strengthened  to  knives  4.  The  internal  cavity  of 
receptacle  is  filled  with  dry  guartz  sand  7. 

The  fuse  links  are  staaped  fron  thin  copper  tape.  During  short 
circuits  the  plates  of  insert  are  aeltted  in  bottlenecks  for  8. 

On  the  aiddle  part  of  the  plates  of  insert  is  soldered  on  tin  9 
(solvent) .  In  these  places  the  plates  are  aeltted  with  the  currents 
of  overloading. 

• 

The  contact  knives  of  receptacle  throw  in  theaselves  into 
staaped/die-forged  copper  contact  struts  10,  fastened/strengthened  to 
insulating  plate/slab  12.  Pressure  in  contacts  create  steel  snap 
rings  11. 

Terainals/grippers  11  serve  for  the  connection  of  busbars  or 

wires. 

The  receptacles  of  safety  devices/fuses  can  be  inserted  and 
extracted  with  the  aid  of  detachable  plastic  knob/ara/handle  (Fig. 
14-8) .  On  the  covers/caps  of  the  receptacle  of  safety  device/fuse  are 
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T-shaped  struts  14  (Pig*  14—7) ,  which  introduce  into  the  appropriate 
sockets  of  knob/ars/handle  with  pcocess/operations  with  receptacle. 
The  use/application  of  detachable  knobs/ares/handles  provides  the 
safety  of  process/operations  with  receptacles,  which  are  located 
under  voltage. 


The  naxiaun  disconnected  current  of  fuses  of  the  type  PN2  with 

V 

voltage  500  jfc  is  25-50  kh  depending  on  the  rated  current  of 
receptacle. 


Por  installations  by  the  voltage  of  above  1000  soviet  plants 
nanafacture  the  guartz  safety  devices/fuses  of  types  pk  and  PKT. 


Safety  devices/fuses  of  the  type  PK  are  intended  for  the 
protection  of  power  branch  circuits  to  35  kT.  They  are  nanufactured 
to  rated  currents  to  400  Safety  devices/fuses  of  the  type  PKT  are 
intended  for  the  protection  of  voltage  transforners  to  35  kv.  The 
fundanental  characteristics  of  guartz  safety  devices/fuses  are  given 
in  table  P-12. 

Pig.  14-9  gives  the  receptacles  of  guartz  safety  devices/fuses 
to  rated  current  to  7.5  4  (Pig.  14-9a)  and  10 ^  and  aore  (Fig.  14-9b). 
Receptacle  consists  of  porcelain  tube  1,  reinforced  by  caps/hoods  2. 
Inside  tube  is  inserted  fuse  link  5.  The  latter/last  in  safety 
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devices/f uses  to  rated  currents  to  7.5^  it  is  wound  around  ceranic 
core  4.  after  assembly  and  charging  by  dry  quartz  sand  7  receptacle 
is  closed  by  covers/caps  i  and  heraetically  is  solderred. 

The  fuse  links  are  sade  froa  several  parallel  copper 
silver-plated  wires  with  soldered  on  on  thee  tin  balls/spheres  6. 


Within  receptacle  passes  steel  indicating  insert  8,  one  end/lead 
connected  with  hook  of  saall  areature  of  the  indicator  of  functioning 
9.  With  the  course  of  the  short-circuit  current  or  current  the 
overloadings  are  neltted  both  workers  and  indicating  of  insert.  The 
barn-oat  of  the  latter  f rees/releases  reed  9,  which  is  ejected  by 
oatside  spiral  spring. 


L 
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Pig.  14-8.  Detachable  knob/ara/bandle  for  the  installation  of  the 
receptacles  of  safety  devices/! uses  of  the  type  PI2. 


Pig.  14-9.  Beceptacles  of  geartz  safety  devices/f uses  of  high 

ULiith 

voltage.  a-e=fcy  saelting  to y  insert  on  the  ceraeic  core;  b)  with 


spiral  fuse  links 
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The  general  view  of  a  safety  device/fuse  of  the  type  PK-10  on  10 

A 

kV  and  30a  Is  shown  in  Fig.  14-10. 


The  fuse  links  of  safety  devices/f uses  of  the  type  PKT  to 
voltage  transforeers  are  perforaed  of  one  constantan  wire*  wound 
around  ceraaic  core.  These  safety  devices/f uses  do  not  have 
indicators  of  functioning;  therefore  about  their  burn-out  they  judge 
by  the  absence  of  readings  of  the  corresponding  instruaents* 
connected  into  the  secondary  circuit  of  voltage  transforaer. 


Safety  devices/fuses  with  the  open  tubes  froa  gas- generating 
aaterial  of  the  type  PSN  (safety  device/fuse  shooting  of  external 
installation)  are  intended  for  external  installations  by  voltage 
10-35-110  kV  (table  P-1.2).  Fig.  14-11  shows  receptacle*  while  in  Fig. 
14-12  the  general  view  of  fuse  of  the  type  PSN-35  on  35  kV. 


Fuse  link  3  (Fig.  14-11)  is  placed  in  the  aetallic  cap  of  5 
receptacles  and  is  connected  with  flex  conductor  2*  that  passes 
within  tube  1  of  gas-generating  aaterial  (PVC  plastic).  Flex 
conductor  2  concludes  with  tag  4. 


In  the  operating  positron  of  safety  device/fuse  (Fig.  14-12)  the 
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■etallic  cap  of  receptaclo  1  is  jaaaed  in  holder  on  upper  pin 
insulator  2.  On  lower  pin  insulator  3  on  axis  6  is 
established/installed  contact  knife  5,  equipped  with  the  helical 
spring,  which  atteapts  to  turn  it  to  position  5*.  The  knife  indicated 
encoapasses  the  neck  of  tag  4. 

«ith  burn-out  with  snelting  insert  contact  knife  begins  to 
rotate  and  extracts  flex  conductor  froa  receptacle.  In  this  case  the 
arc,  initially  with  the  aeiting  of  insert  forwing  in  the  aetallic  cap 
of  receptacle,  is  pulled  inside  the  gas-generating  tube  -  occurs 
abundant  liberation  of  gas,  pressure  within  receptacle  rapidly  is 
raised  (it  reaches  100-120  ata(gage))  and  appears  longitudinal  blast. 
Arc  energetically  is  deionized  and  goes  out.  The  greater  the 
disconnected  current,  the  aore  energetic  the  blast,  the  aore  rapid 
goes  out  the  arc.  With  the  cutoff/disconnection  of  short-circuit 
currents  production  tine  is  the  siailar  fuses  less  than  one 
half- period. 

Is  analogous  the  device/equipaent  of  safety  devices/fuses  on  10 


and  110  kV 
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Page  225. 

Chapter  fifteen  . 

Snitches  with  voltage  to  1000  V. 

15-1.  Air  non-autoaatic  breakers. 

Knife  switches  are  simplest  air  circuit  breakers,  which  use  for 
nonautoaatic  connection  and  disconnection  of  the  circuits  of  direct 
and  alternating  current  with  voltage  to  500  7  inclusively.  Usually 
thea  are  applied  to  rated  currents  to  1000  to  high  currents  the 
knife  switches  are  applied  coaparatively  rarely  and  aainly  in 
installations  of  direct  current,  in  the  diagram  of  Fig.  3-2  knife 
switches  are  shown  on  the  lines  of  their  own  needs  by  voltage  380/220 
▼. 


During  the  use/application  of  knife  switches  additionally  to 
thea  are  installed  the  safety  fuses,  which  use  for  the  autoaatic 
cutoff/disconnection  of  circuits  with  short  circuits  and 
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overloadings. 

The  pole  of  knife  switch  (Fig.  15-1)  consists  of  two  fixed 
contacts  1  and  2,  fastened/strengthened  to  plate/slab  3  of 
insulation,  and  knife  4,  which  rotates  on  axle  5, 
fastened/strengthened  in  back  contact  2.  Dotted  line  showed  the 
position  of  knife  with  the  connected  knife  switch.  In  the  connected 
position  the  knife  throws  in  itself  between  the  struts  of  the  fixed 
contacts  which  can  be  carried  out  on  one  of  the  types,  shown  in  Fig. 
12-8.  Handle  6  serves  for  inclusion  and  cutoff/disconnection  of  knife 
switch. 

with  the  cutoff /disconnection  of  circuit  under  the  current 
between  knife  4  and  fixed  contact  1  appears  electric  arc  7,  which 
■ust  be  extinguished.  They  previously  considered  that  the  fundamental 
effect  on  the  process  cl  arc  extinction  in  air  with  the 
cutoff/disconnection  of  knife  switch  has  its  aechanical  extension. 
Therefore  the  old  constr uctions/designs  of  knife  switches  were 
characterized  by  cob paratively  large  length  of  knives  and  is  greater, 
the  greater  the  rated  current  of  knife  switch. 

However,  the  investigations,  carried  out  by  Soviet  scientists 
[L.  14-1  and  15-1],  showed  that  this  position  is  correct  only  with 
cutoff/disconnection  by  tne  knife  switch  of  direct-current  circuits 
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at  comparatively  low  valuer  of  the  current  of  load  -  to  70-100  jL, 
when  actually  arc  goes  out  in  essence  due  to  its  mechanical 
extension. 

It  was  established/installed,  that  in  the  cutoff/disconnection 
of  high  currents  ever  note  essential  effect  on  the  process  of  arc 
extinction  exerts  its  notion  in  surrounding  air,  caused  by  the 
electrodynanic  forces,  which  operate  on  the  current,  flowing  in  arc. 
The  greater  the  current,  the  greater  the  intensity/strength  of  the 
created  with  it  magnetic  flux,  the  greater  the  operating  on  arc 
electrodynanic  forces  and  the  greater  the  speed  of  its  notion  in  air. 
The  rapid  adjustment  of  arc  in  air  causes  its  intense  deionization 
(chapter  13) ;  arc  rapidly  goes  out  also  at  snail  length.  It  turned 
out  that  with  the  cutoff /disconnection  of  direct  current  is  nore  than 
500-600  A  the  arc  extinction  in  essence  caused  precisely  by  the 
notion  of  arc  in  air. 

To  the  notion  of  arc  upward  contributes  also  noving  in  this 
direction  of  flow  of  the  air,  strongly  heated  by  arc. 

The  operating  on  arc  electrodynanic  forces  depend  on  the  square 
of  current  and  on  the  fora  of  the  outline  over  which 

flows/occurs/lasts  the  current.  Assuming  that  in  electric  arc  7  (Fig. 
15-1)  tick  I  flows/occurs/lasts  over  the  circular  arc,  described  from 
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the  axis  5  of  rotation  of  Knife  with  a  radius  of  l.  by  the 
approxiaately/exeaplarily  egual  to  the  length  of  knife  4,  then  force 
f,  which  operates  on  the  unit  of  arc  length  and  directed  it  is 
radial,  it  is  possible  to  deternine  by  the  foraula: 

fsal Tiai*  (15-1) 

where  L  -  inductance  of  outline. 
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Fig.  15-1.  The  electrodynaaic  forces,  which  operate  on  arc  with  the 
cutoff/disconnection  of  knife  switch. 

Page  226. 

Fron  foraula  (15-1)  it  is  evident  that  with  the  decrease  of  the 
length  of  switch  blade  electrod ynaaic  forces  f,  which  operate  on  arc, 
increase,  that  also  causes  its  pain  rapid  notion  in  air  and, 
consequently,  also  its  aore  energetic  deionization. 

Thus,  with  large  rated  currents  it  is  expedient  to  decrease,  but 
not  to  increase  the  lengtn  of  knives  of  knife  switch,  as  this  they 
■ade  earlier.  At  the  sane  tiae  it  is  clear  that  the  ainiaua  length  of 
switch  blades  of  those  intended  for  installations  of  direct  current, 
aust  be  deterained  froa  tne  condit  on  of  the  reliable 
cutof f/disconnection  of  low  currents  to  75-100  j^,  when  priaary 

t 
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■eaning  has  the  mechanical  extension  of  arc. 

However,  with  the  cutoff/disconnection  of  the  circuits  of 
alternating  current  with  voltage  to  220  V  inclusively  as  this  was 
explained  in  chapter  13  arcs  oetween  the  contacts  of  switch  usually 
it  goes  out  upon  first  transfer  of  the  current  through  zero,  even 
with  the  single- pole  cutoff/disconnection  of  circuit  220  V,  i.e., 
when  to  the  contacts  of  knife  switch  proves  to  be  applied  all  the 
voltage  220V.  In  this  case  tne  arc  goes  out  in  the  presence  of  the 
very  small  disagreement  cf  contacts  (to  0.5-1  mm),  with  any 
disconnected  current  and  virtually  with  any  shift/shear  between  the 
current  and  voltage,  right  up  tc  90°  T  L.  14-1]. 

In  three-phase  installations  with  voltage  380  V  apply  tripolar 
knife  switches  with  the  simultaneous  cut  of f/disconnection  of  three 
phases;  therefore  the  wonting  conditions  of  knife  switches  in  these 
installations  apprcxiaately/exeapiarily  the  same  as  with  the 
single-pole  cutoff /d isconnection  of  branch  circuits  220  V. 

On  the  basis  of  the  aforesaid,  the  length  of  switch  blades, 
intended  for  installations  of  alternating  current,  practical  is 
determined  not  of  extinction  conditions  for  electric  arc,  but  from 
the  conditions  of  cooling  and  mechanical  strength  of  contacts,  design 
considerations,  etc. 
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All  positions  presented  above  are  taken  into  consideration 
during  the  development  of  the  constructions/designs  of  knife  switches 
with  the  shortened  knives  which  are  at  present  manufactured  with 
Soviet  plants. 

By  design  distinguish  the  Knife  switches  one-,  two-  and 
tripolar,  with  the  f ront/ieadiag  (Fig.  15-1  and  15-3)  or  rear  (Fig. 
15-2)  connection  of  wires  (busoars). 

The  knife  switches,  intended  tor  setting  on  panels  from 
insulation,  are  manufactured  without  foundations,  and  these  intended 
for  setting  on  metal  constructions  -  on  insulating  plates/slabs. 

Previously  knife  switches  were  fulfilled  with  the  flat/plane 
springy  contacts,  similar  to  those  shown  in  Fig.  12-8a-d  about 
deficiencies/lacks  in  which  it  was  indicated  in  chapter  12.  Knife 
switches  at  present  manufacture  predominantly  with  the  linear 
contacts,  for  example,  similar  to  those  given  in  Fig.  12-8d  and  12-10 
(knife  switches  15-2  and  15-3) w nose  special  features/peculiarities 
were  presented  in  chapter  Wm 

The  given  in  Fig.  15-1  simplest  knife  switch  has  only  make 
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contacts,  not  shielded  from  the  effect  of  electric  arc.  Such  knife 
switches  can  be  applied  only  in  installations  of  alternating  current 
by  voltage  to  220  V  inclusively,  when  with  their  cutoff/disconnection 
arc  does  not  appear. 

For  the  protection  of  make  contacts  fron  fusing  by  their  arc 
they  supply  knife  switches  with  arcing  contacts  or  caps  -  8  in  Pig. 
15-2. 


In  installations  of  direct  current  with  voltage  220  V  and  higher 
and  installations  of  alternating  current  with  voltage  380  and  500  V 
knife  switches  without  arc-suppression  devices/eguipment  can  be 
utilized  only  for  inclusion  ana  cutof f/d isconnection  of  circuits 
without  load.  If  necessary  tae  cutoffs/disconnections  of  the  currents 
of  load  in  the  settings  indicated  apply  the  knife  switches,  equipped 
with  small  arc-suppression  gratings  with  steel  plates,  similar  to 
that  shown  in  Pig.  13-12,  It  suffices  to  supply  grating  with  several 
steel  plates  so  that  the  arc  would  go  out  at  the  moment  of  the  first 
transition/junction  of  the  current  through  zero. 

Usinq  the  method  of  control  the  knife  switches  are  with  central 
(Fig.  15-1  and  15-2)  ana  lateral  handles,  intended  for  setting  from 
the  face  of  the  distributing  frames,  and  with  riggings  (Pig.  15-3)  , 
intended  for  back  of  panel  mounting  on  metal  frame. 
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Pig.  15-2  shows  tripolar  knife  switch  to  rated  carrent  1000  ^ 
with  central  handle,  on  insulating  plate/slab.  Each  pole  of  knife 
switch  consists  of  two  contact  struts  1  and  2  of  rectangular  cross 
sections,  passed  through  plate/slab  3  (for  the  rear  connection  of 
wires).  Contact  knife  consists  of  two  bands  4,  which  fro*  both  sides 
encompass  contact  struts. 

Page  227. 


Knives  and  contact  struts  are  contacted  along  lines,  for  which  on 
knives  are  pressed  semicylindrical  flanges  -  rectilinear  5  against 
upper  strut  1  and  circular  ayarast  bottom,  that  ensures  the  stable 
position  of  knife  of  relatively  lower  jointed  strut  2.  Pressure 
between  knives  and  struts  is  created  by  spring  washers  6, 
arranged/ located  on  jointed  strut,  and  by  steel  springy  clamp  7, 
which  encompasses  both  oands  of  knife  and  that  arranged/located  on 
upper  strut.  With  cuto ff /disconnection  arc  appears  between  carbon 
arcing  contacts  8.  The  knives  of  three  phases  are  connected  by 
insulating  crosshead  9,  to  which  is  fastened/strengthened  handle  10. 

The  same  constr uction/desiyn  have  knife  switches  on  600  j^.  The 
pole  of  knife  switches  tc  rated  currents  more  than  1000  @  usually 
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consist  of  the  appropriate  number  of  single-pole  elements  of  the 
dismantled/selected  construction/design  to  current  1000 

To  currents  to  400  ^  inclusively  the  knife  switches  with  linear 
contacts  have  somewhat  different  construction/design  -  in  them  moving 
knives  throw  in  themselves  between  two  motionless  contact  struts, 
having  senicy lindrical  flanges  for  the  creation  of  linear  contact. 

According  to  safety  conditions  knife  switches  with  central  and 
lateral  handles  and  open  knives  it  is  possible  to  apply  in 
installations  with  voltage  not  more  than  220  V.  In  installations  380 
and  500  V  it  is  compulsory,  wniie  in  installations  220  ¥  it  is 
desirable  to  apply  knife  switch  with  protective  housings  or  with 
riggings  (Pig.  15-3). 

In  knife  switches  witn  rigging  on  the  front  of  the  panel  of  the 
distributing  frame  is  estabiished/mstalled  only  control  lever  of  6, 
and  the  contact  part  of  knife  switch  1  and  2,  mounted  on  insulating 
plate/slab  3,  is  estabiished/mstalled  on  the  metal  frame  from  behind 
of  panelboard.  Control  lever  and  contact  knives  are  connected  with 
the  aid  of  controllable  rod  5. 


Switches.  Everything  said  above  in  the  relation  to  knife 
switches  is  entirely  related  also  to  switches.  In  off  position  the 
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knives  of  switch  occupy  the  horizontal  position  in  which  they  are 
held  by  special  attachment. 

Together  with  knife  switcnes  and  switches  in  installations  with 
voltage  to  1000  V  wide  application  obtained  also  the  rotary  switches, 
which  were  being  characterized  by  large  compactness  and  reliability 
of  operation. 

In  recent  years  are  spread  also  the  combined  apparatuses,  in 
which  are  structurally/constructurally  united  the  knife  switches  and 
the  safety  fuses  whose  use/application  makes  it  possible  to 
substantially  shorten  the  dimensions  of  the  cubic  switchboards  (see 
Vol.  2,  chapter  8)  . 

15-2.  Automatic  air  switcnes  (automata)  . 

Automata  are  applied  in  settings  of  alternating  current  with 
voltage  to  500  V  inclusively,  and  in  installations  of  direct  current 
and  large  voltages.  Automata  nave  special  attachments  for  the 
automatic  cutoff /disconnection  of  the  shielded  parts  of  the 
installation  with  their  overloading  and  during  short  circuits  in 
them,  and  sometimes  additionally  and  upon  disappearance  or  with 
decrease  in  the  voltage. 


Fig.  15-2.  Knife  switch  is  tripolar  on  1000  a  with  central  handle 


l 


Fig.  15-3.  Knife  switch  tripolar  to  400  A  with  rigging.  1  -  knife;  2 
-  the  fixed  contacts;  3  -  insulating  plate/slab;  4  -  aetal 
panelboard;  5  -  rod;  6  -  control  lover. 


Page  228. 


Automata  fulfill  the  functions  of  two  simplest  apparatuses  - 
knife  switches  and  safety  fuses  and  provide  sore  reliable 
cutoff/disconnection  and  selective  overcurrent  protection.  Is 
explained  this  by  the  nore  staole  shielding  characteristics  of  the 
autoaata  (see  further)  in  coaparison  with  the  characteristics  of 
safety  fuses  and  the  possibility  of  the  aore  fine  adjustaent  of  the 
specific  current  of  the  cutoff /disconnection  of  autoaaton.  Very 
inportant  is  the  recurrence  of  the  action  of  autoaata,  which 
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simplifies  the  operation  of  installation. 

Automata  are  intended  for  comparatively  rare  inclusions  and 
cutoffs/disconnections  of  circuits.  If  necessary  for  frequent 
process/operations  should  be  applied  contactors  and  magnetic  starters 
(see  §  15-3  and  15-4). 

In  the  diagram  of  Fig.  i-2  automata  of  maximum  current  T  >  are 
shown  on  the  side  of  380/220  7  transformers  T-1  and  T-2  and  on  two 
waste/exiting  lines  380/220  V. 

Fig.  15-4  gives  the  scaeaatic  diagram  a  and  the  schematic 
outline  b  of  the  simplest  single-pole  automaton  of  maximum  current 
without  time  element.  In  the  connected  position  the  automaton  is  held 
by  trip  4,  engaged  with  toe  lever  of  3  handles  10.  Spring  7  provides 
the  reliability  of  this  cohesion/coupling. 

Magnet  coil  9  is  connected  in  series  into  circuit  and  through  it 
f lows/occ urs/lasts  the  current  of  load.  The  armature  6  of  trip  4 
approaches  to  be  pulled  magnet  core,  but  to  this  blocks  spring  7. 

When  circuital  current  exceeds  certain  rating  value,  armature  6  is 
attracted/tightened  to  magnet  core  9,  trip  4  is  turned  on  axis  5  and 
frees/releases  lever  3,  after  wnich  under  the  action  of  disconnecting 
spring  2  and  dead  weight  the  Knife  of  1  automata  is  disconnected.  The 
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position  of  trip  with  off  autoaaton  is  determined  by  backstop  8. 

Electromagnet  9,  whica  directly  affects  the  trip  of  automaton, 
is  simplest  electroaagnetic  primary  relay  of  the  maximum  current  of 
direct  action,  which  in  autoaata  is  accepted  to  call  trip  of  aaxieue 
current  or  simply  maximum  release. 

The  spill  current  of  maximua  release  is  called  the  ainiaua  value 
of  the  current  with  which  the  release  operates/wears  and  autoaaton  is 
disconnected.  The  spill  current  of  maxinum  release  K*  depends  on  the 
tension  of  control  spring  7:  with  an  increase  in  the  spring  tension 
the  value  of  the  spill  current  of  maximua  release  increases  and  vice 
versa. 


The  time  of  action  of  autoaaton  is  determined  in  essence  by  the 
inertia  of  its  moving  elements  and  by  the  duration  of  arc  extinction, 
which  appears  with  the  cutof f/disconnection  between  the  contacts  of 
switch.  Usually  the  tripping  time  of  circuit  by  similar  automata  is 
0.05-0.25  s. 

Pig.  15-4c  gives  the  shielding  characteristic  of  the  dismantled 
autoaaton,  i.e.,  the  dependence  of  the  time  of  its  functioning  on 
current  in  the  magnet  coil  9t=£(i),  from  which  it  is  evident  that  at 
all  values  of  the  current  of  circuit  the  automaton  reaains 
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connected,  end  with  4  it  disconnects  circuit  for  tin*  the  latter 
not  depending  on  current  tv  of  circuit.  This  characteristic  is  called 
independent  variable. 

So  that  the  automaton  witnout  tine  elenent  would  not  be 
disconnected  with  the  short-term  overloadings,  not  dangerous  for 
electrical  equipment,  for  example  under  the  action  of  the  starting 
currents  of  electric  motors,  in  established/installed  similar  Jev  so 
that  the  maximum  release  would  not  operate/wear  and  automaton  was  not 
disconnected  with  the  snort- term  current  spikes  of  load  indicated. 


1 
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Fig.  15-4.  Single-pole  autoaaton  of  aaxiaua  current  without  tiae 
eleaent.  a)  the  schematic  diagram;  b)  the  outline;  c)  shielding 
characteristic. 


Page  229. 

However,  in  this  case  the  protection  of  installation  is  coarsened, 
since  autoaaton  no  longer  shields  electrical  equipment  froa  all 
overloadings  less  1  <-.p  (Fig.  15- 4c)  .  with  large  value  lc.i>  the 
autoaaton  virtually  shields  setting  only  froa  short-circuit  currents 

The  majorities  of  autoaata  have  aaxiaua  releases  without  tiae 
element  (noaentary  effect).  Some  autoaata  can  be  supplied  with 
aaxiaua  releases  with  the  clockwork,  which  ensures  adjustable  tiae 
element  of  functioning  with  the  overloadings;  during  short  circuits 
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this  release  ope rates/ wears  without  tiae  eleaent.  If  necessary  soae 
of  these  autoaata  additionally  can  be  supplied  with  the 
electronagnetic  retarders,  which  ensure  specific  tiae  eleaent  with 
the  cutoff/disconnection  oi  short-circuit  currents. 

If  with  established/instalied  tiae  eleaent  the  tripping  tiae 
t ot*.  of  autoaaton  is  aore  than  the  duration  of  the  short-tera  current 
spike  of  load,  then  current  /cp  can  be  reduced.  This  leads  to 
sensitization  of  protection  (in  aore  detail  than  ca  Vol.  2,  chapter 
13). 

An  essential  def iciency/lacx  m  the  autoaaton,  given  in  Pig. 
15-4,  is  the  absence  of  the  aecnanism  of  the  free  release,  which 
ensures  automatic  cutoff /disconnection  of  automaton  during  short 
circuit  in  circuit  and  when  for  any  reason  its  handle  10  is 
prolongedly  held  by  hand  in  the  connected  position. 

Actually/really,  if  this  autoaaton  is  established/installed,  fo 
exaaple,  on  the  waste/exiting  line  of  panel  280/220  V  (Pig.  3-2) , 
then  in  the  case  of  its  inclusion  to  the  existing  in  network  short 
circuit  it  will  not  be  able  to  he  disconnected,  until  its  handle  is 
held  by  hand.  As  a  result  of  this  will  be  disconnected  the  autoaata 
T>  on  the  side  of  380/220  Y  transformers  T-1  and  T-2  completely  will 
be  discontinued  the  feed  of  collecting  mains  by  380/220  V. 
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Thus,  automata  without  tne  mechanises  of  free  release  are 
insufficiently  reliable  and  tney  do  not  usually  provide  the  selective 
protective  system  of  installation.  They  are  undesirable  also  froa 
safety  conditions  of  aaintenance/servicing,  since  with  their 
cutoff/disconnection  is  aoved  control  handle,  which  can  cause  strong 
injuries  to  a  person,  located  nefore  the  autoaaton. 

Pig.  15-5  in  the  fora  of  an  example  shows  the  aechanisn  of  the 
free  release  of  automaton,  made  in  the  fora  of  the  system  of  breaking 
levers  6,  At  the  connected  position  of  autoaaton  center  9  lies/rests 
soaewhat  lower  than  straight  line,  which  connects  hinges  7  and  8,  and 
it  cannot  be  dropped/oaitted  still  below,  so  that  upon  the  start  of 
autoaaton  linkage  6  is  rigid.  It  the  shock  worker  of  the  core  5  of 
disconnecting  coil  4  turns  the  coaponents/links  of  lever  6  so  that 
hinge  9  will  prove  to  be  aoove  straight/direct,  which  connects  hinges 
7  and  8,  then  contacts  i.  and  J  switches  are  radiated  without 
depending  on  the  position  of  handle  1  (Pig.  15-5b) .  In  order  to  again 
include/connect  switch,  it  is  necessary  to  supply  handle  in  the 
position,  which  corresponds  to  off  switch  (Pig.  15-5c),  then  center  9 
again  proves  to  be  below  straight/direct  7-8  and  autoaaton  can  be 


connected 
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Usually  the  mechanism  of  free  release  is  performed  so  that  with 
aanual  cutoff /disconnection  the  rotation  of  handle  (froa  position  in 
Pig.  15-5a)  causes  the  fracture  of  linkage  6  after  which  the  contacts 
of  autoaaton  rapidly  they  diverge  under  the  action  of  the 
disconnecting  springs.  Further  rotation  of  handle  to  the  side  of 
cutof f/disconnection  is  necessary  for  the  preparation  of  autoaaton 
for  the  subsequent  inclusion.  Therefore  the  rate  of  the  disagreeaent 
of  contacts,  but  thereby  the  cate  of  arc  extinction,  which  appears  on 
the  contacts  of  automaton  with  the  cutoff/disconnection  of 
considerable  currents,  dees  not  depend  on  that  rate  with  which  the 
aan  moves  control  handle. 

The  contact  systea  of  automata  normally  consists  of  working  and 
arcing  contacts.  The  first  usually  perform  in  the  form  of  massive 
copper  bands  to  which  in  places  tneir  contacts  frequently  weld  on 
silver  plates.  Earlier  as  the  make  contacts  of  automata  were  used 
extensively  the  brush  contacts;  at  present  brush  contacts  go  out  of 


use 


Fig.  15-5.  Principle  of  the  de vica/equipment  of  the  mechanism  of  the 
free  release  of  automaton.  a)  automaton  is  connected;  b)  after  the 
automatic  cutoff /disconnection  of  the  automaton;  c)  automaton  is 
prepared  to  inclusion. 

Pa  ge  230. 

The  arcing  contacts  of  automata  have  detachable  carbon  or  brass  caps; 
they  recently  apply  also  caps  or  tne  cermet  connections  on  the  base 
of  silver  (chapter  12).  Automata  to  large  operating  currents 
frequently  have  also  preliminary  contacts,  employees  for  the 
protection  of  make  contacts  from  tne  action  of  arc  in  the  case  of 
damaging  the  arcing  contacts,  with  the  cutoff/disconnection  of  such 
automata  are  first  broken  the  make  contacts,  then  preliminary  and  by 
the  latter  arc-suppression;  they  are  included  contacts  in  reverse 
order. 

Automata  to  the  small  working  and  disconnected  currents  can  have 
one  pair  of  the  contacts,  wnich  perform  the  role  of  workers  and 
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arc-suppression. 

For  accelerating  the  extinction  of  an  electric  arc  and  increase 
in  the  disconnecting  ability  with  the  cutof f/disconnection  of 
short-circuit  currents  the  automata  are  supplied  with  arc-suppression 
gratings  with  metallic  plates  or  with  plates  from  non-arcing 
insulation  (chapter  13).  Kith  tne  cutoff /disconnection  of  current  in 
the  limits  of  that  permitted  the  arc  does  not  exceed  the  limits  of 
arc-suppression  grating,  wnicn  mates  it  possible  to  very  compact 
establish/install  automata  in  tne  distributing  frames  of  low  voltage. 

In  installations  of  direct  current  are  applied  one-  and  two-pole 
automata  with  one  or  two  maximum  releases,  in  three-phase  three-wire 
installations  are  applied  tripolar  automata  with  two  or  three  maximum 
releases,  while  in  four-wire  installations  380/220  V  and  220/127  V, 
where  are  possible  single-phase  short  circuits,  tripolar  automata 
only  with  three  maximum  releases. 

-  Besides  maximum  releases  some  automata  can  be  eguipped  with  one 

supplementary  release;  independent  variable  (disconnecting)  or 
minim  urn  ( zero) . 

In  the  presence  in  automaton  of  several  releases  each  of  them. 


independent  of  others,  it  operates  on  the  mechanism  of  the  free 
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release  of  autonaton. 

Fig.  15-6  gives  the  schematic  diagram  of  tripolar  automaton  with 
two  maximum  ones  and  one  independent  (disconnecting)  release.  The 
latter  is  connected  to  busbars  of  control  Shu  of  the  auxiliary  source 
of  the  direct  current  througn  tne  normally  extended  knob/button  O  and 
blocking  contacts  8  (blocking  contacts) ,  locked  with  the  connected 
automaton. 

The  magnet  coils  of  1  maximum  releases  are  connected  in  series 
during  the  phases  of  circuit.  When  current  at  least  in  the  coil  of 
one  release  increases  to  the  value  of  its  spill  current  V*  the 
armature  of  2  corresponding  releases  will  be  pulled  to  magnet  core, 
overcoming  the  force  of  spring  4,  and  striker  3  will  act  on 
general/common/total  for  all  poles  cylinder  of  cutoff /disconnection 
which  in  turn,  will  free  the  mechanism  of  free  release,  and  automaton 
will  be  disconnected.  In  the  diagram  for  the  purpose  of 
simplification  instead  of  the  cylinder  of  cutoff/disconnection  and 
mechanism  of  free  release  is  shown  general/common/total  trip  6,  on 
which  operate  shock  workers  3  all  releases  of  autonaton.  Dotted  line 
showed  that  each  maximum  release  can  be  supplied  with  the  mechanism 
of  time  element  5. 

The  independent  or  disconnecting  release  is  arranged 
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analogously.  Nomally  the  aoout  coil  of  its  electromagnet  7  current 
does  not  flow.  For  the  renote  (at  a  distance)  cutoff/disconnection  of 
autonaton  serves  the  kncb/Dutton  oi  cutoff /disconnection  o  with  the 
aid  of  which  close  circuit  the  magnet  coils  7.  During  the  subsequent 
release  of  knob/button  0,  whicu  nas  return  spring,  it  current  does 
not  disrupt,  since  the  circuit  or  electr onagnet  7  proves  to  be 
prelinina rily  extended  blocking  contacts  8.  This  is  necessary  in 
order  to  warn/prevent  the  burning  of  the  contacts  of  knob/button  0 
with  the  break  of  circuit  oi  electromagnet .  Blocking  contacts  nore 
powerful/thick  and  less  sutler  witn  the  disruption  of  this  circuit. 

Blocking  contacts  consist  or  two  notionless  ones  and  one  slide 
contacts.  The  latter  is  necnanicaily  connected  with  the  novable 
systen  of  automaton,  usually  with  its  shaft.  The  device/equipnent  of 
the  sinplest  blocking  contacts  can  be  seen  in  Fig.  15-14,  where 
contacts  17  are  locked,  and  contacts  18  are  extended  with  off  switch, 
tlpon  the  start  of  switch  contacts  17  are  broken,  and  contacts  18  are 


closed 
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Pig.  15-6.  Schematic  diagram  ot  tripolar  automaton  with  the 
independent  release. 

Page  231. 

Automata  can  be  supplied  with  several  pairs  of  blocking  contacts  for 
different  purposes  (Fig.  15-6,  15-7,  15-8). 

The  independent  release  can  be  utilized  for  the 
cutof f/disconnection  of  automaton  with  the  aid  of  any  separately 
established/installed  relay  vita  the  closing  contacts. 

In  the  form  of  an  example  let  us  examine  the  schematic  of 
bipolar  automaton  with  separate  reverse-current  relay  (Pig.  15-7) . 
Such  automata  are  installed  in  the  circuits  of  direct-current 
generators,  which  work  in  parallel  with  other  generators  or  with 
storage  batteries.  Their  designation/purpose  -  to  shut  off  generator 
with  an  excessive  increase  in  tne  current,  for  which  serves  maximum 
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release  1,  and  with  change  the  directions  of  direct  current,  for 
which  serve  as  reverse-current  relay  3,  which  closes  the  circuit  of 
the  electronagnet  of  independent  release  2. 

If  on  any  reasons  (reduction  in  current  of  excitation,  speed  of 
rotation,  etc.)  decreases  eaf  of  one  of  the  in  parallel  working 
generators,  then  it  throw  off  and  at  the  value  of  eef  saaller  than 
the  voltage  on  the  busbars  of  installation,  begins  to  work  by 
electric  motor  -  direction  of  flow  in  circuit  changes  to  reverse 
(with  the  constant/invariable  polarity  of  network).  The  work  of 
generator  in  the  node/conditions  of  electric  motor  leads  to  the 
unproductive  charging  of  other  working  of  network  generators.  If 
generator  worked  together  wrtn  storage  battery,  then  its 
transition/ junction  into  engine  operating  node  leads  to  the 
unproductive  discharge  of  storage  battery.  Reverse-current  relay, 
which  operates/wears  with  a  cuange  of  direction  of  flow  in  the 
circuit  of  generator,  and  serves  in  order  not  to  allow  the  work  of 
generator  in  engine  operating  mode. 

Reverse-current  relay  J  nas  two  coils  -  consecutive  4  and 
parallel  5.  The  latter  is  designed  for  the  voltage  smaller  than  the 
line  voltage;  therefore  it  is  connected  through  supplenentar y 
resistor/resistance  to  7. 
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In  noraal  direction  of  flow  in  the  priaary  circuit  of  generator 
the  aagnetic  fluxes  of  the  coils  of  relay  3  are  directed  contrarily, 
the  resulting  aagnetic  flux  is  snail  and  the  core  of  relay  cannot  be 
sucked  inside  coils  -  contacts  b  renain  by  those  extended.  In  the 
case  of  changing  direction  of  flow  in  the  circuit  of  generator  with 
the  constant/invariable  polarity  of  the  poles  of  network  changes 
direction  of  flow  only  in  consecutive  coil  4,  and  direction  of  flow 
in  parallel  coil  5  reaains  constant/invariable. 

In  this  case  aagnetic  fluxes  of  both  coils  of  relay  store/add 
up,  core  is  pulled  and  contacts  b  are  closed.  The  latter  close  the 
circuit  of  independent  release  2,  which  disconnects  autonaton. 
Blocking  contacts  8  break  the  circuits  of  coils  2  and  5.  After  the 
cutoff/disconnection  of  toe  autonaton  of  relay  3  it  returns  to 
initial  position  and  its  contacts  b  they  are  broken. 

Hith  the  idling  of  toe  generator  of  relay  3  it  does  not 
operate/wear  and  autonaton  reaains  connected,  as  the  aagnetic  flux  of 
one  parallel  coil  5  of  relay  is  insufficient  for  the  retraction  of 
its  core. 

The  scheaatic  of  autonaton  with  suppleaentary  niniaua  (zero) 
release  is  given  in  Fig.  15-8.  Naxiaua  releases  1  do  not  differ  froa 
those  disnantled/selected  aoove.  Mininun  release  consists  of 
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electromagnet  2  and  double-arm  lever  with  armature  3,  striker  4  and 
spring  5.  Magnet  coil  through  the  knob/button  and  blocking  contacts  6 
is  connected  to  line  voltage,  with  the  decrease  of  line  voltage  of  up 
to  certain  fixture  the  force  of  spring  5  becoees  more  than  the 
attracting  force  of  armature  i  to  magnet  core.  Under  spring  effect 
the  lever  is  turned  and  striker  4  acts  on  the  release  gear  of 
automaton,  after  which  the  last  is  disconnected.  Simultaneously  the 
circuit  of  magnet  coil  is  disrupted  by  blocking  contacts  6. 

Minimum  releases  operate/wear  upon  disappearance  or  with  a 
decrease  in  the  voltage  on  electromagnet  to  40o/o  of  nominal. 

Knob/button  with  normally  closed  contacts  serves  for  the  remote 
cutoff /disconnection  of  automaton  -  with  pushing  of  this  knob  is 
disrupted  the  circuit  of  tne  electromagnet  of  release  and  automaton. 


i 
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Pig.  15-7.  schematic  diagram  of  two-pole  automaton  with  the 
independent  release  and  separata  reverse-current  relay. 


Pig.  15-8.  Schematic  diagram  of  tripolar  automaton  with  minimum 
(zero)  release. 


Page  232. 

Automata  with  minimum  releases  install  in  electric  motors  for 
the  purpose  of  their  cutof t/disconnection  from  network  upon 
considerable  decrease  or  complete  disappearance  of  voltage  in  power 
line. 


Por  electric  motors  with  resistance  starting  this  is  necessary 
for  the  purpose  of  warning/prevention  of  automatic  starting  without 
rheostats  (with  the  brought-out  and  shortened/shorted  out  rheostats) 
since  with  resumption  of  voltage  in  network  it  is  possible  that  the 
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electric  aotors  cannot  ne  swept  and  they  will  be  daaaged  as  a  result 
of  the  prolonged  course  of  nigh  currents.  The  setting  up  of  such 
autoaata  is  necessary  also  in  the  cases  (even  with  short-circuited 
induction  aotors),  when  launching/starting  engine  to  total  voltage 
and,  therefore,  the  sudden  launching/starting  of  operating  aechanisas 
inadaissible  according  to  safety  conditions  for  the  service 
personnel.  They  are  necessary  also  for  warning/preventing  the 
siaultaneous  launching/starting  with  resuaption  of  voltage  in  the 
network  of  a  large  nuaber  of  stopping  electric  aotors,  since  this  can 
lead  to  the  exaggerated  total  starting  current  (for  greater  detail, 
see  Vol.  2,  gl.  6)  . 

Autoaata  are  intended  for  installation  on  the  front/leading  or 
back  of  the  distributing  fraaes.  In  the  latter  case  they  have  lever 
drives  for  control  from  tne  front  of  panel. 

Until  recently  in  the  Soviet  electrical  devices  of  direct 

current  by  voltage  to  440  ¥  and  of  alternating  current  50  Hz  with 

voltage  to  500  V  inclusively  great  use/application  had  the  autoaata 

A 

of  series  A2000  to  rated  currents  to  1500  Fig.  15-9  shows  the 
general  view  of  the  tripolar  autoaaton  of  this  series  on  200  A  and 
500  7  with  two  aaxiaua  ones  and  one  ainiaua  ones  (zero)  releases, 
equipped  with  arc-suppression  gratings  3  with  aetallic  plates  (Fig. 
13-12) .  with  voltage  500  V  liaiting  current  of  the 
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cutoff/disconnection  (amplitude  value)  of  these  automata  Is  20*30  kA. 

Automata  of  the  type  A2050  to  rated  current  1500  A  if  necessary 
have  electromagnetic  actuator  ror  remote  switching. 

Ulyanov  electrical  eguipment  plant  reworked  the 
construction/design  of  the  automata  of  series  A2000  and  at  present 
manufacture  the  modernized  automata  of  series  A15,  A20  and  A25  on 
currents  100  -1800  A  and  voltages  380  V  of  alternating  current  and 
440  V  of  direct  current.  The  disconnecting  ability  of  these  switches 
is  increased  to  60  kA  (amplitude  value)  with  alternating  current  and 
to  30  kA  with  direct  current. 

The  automata  of  new  series  are  more  reliable,  have  smaller 
weight  and  overall  sizes,  are  equipped  with  mechanisms  time  elements, 
which  provides  the  selectivity  of  their  cutoff/disconnection  during 
overloadings  and  short  circuits.  Some  of  them  have  drive  for  remote 
switching. 

Fig.  15-10  shows  general  view  of  one  of  the  automata  of  this 
series  -  a  tripolar  automaton  of  the  type  A15  to  rated  current  600 

The  powerful/thick  automata  ot  series  AC  to  rated  currents  to 
1. 5-2.5  kA  and  nore  are  manufactured  by  plant  "Elektrosila".  It  is 
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interesting  to  note  that  are  recently  at  plant  designed  even  sore 
powerful/thick  automata  with  cooling  of  contacts  and 
current-conducting  busbars  by  the  distilled  or  cheiically  purified 
water. 
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Fig.  15-9.  Tripolar  autoiaton  of  tne  type  A- 2000  on  200  A,  500  V.  1  - 
steel  franework/body ;  2  -  terninals/grippers  for  the  connection  of 
busbars  (wires);  3  -  chaaoer/caner a  of  the  arc-suppression  gratings; 

4  -  handle;  5  -  aaximun  release;  t>  -  aininun  (zero)  release;  7  -  case 
of  the  nechanisn  of  free  release. 


Fig.  15-10.  Tripolar  autcaaton  of  type  A15  on  600  a,  380  v. 


I 


Page  233. 


It  proves  to  be  that  the  water  cooling  only  of  fixed  contacts  aakes 
it  possible  to  increase  tne  rated  current  of  autoaaton  four  tines. 
With  water  cooling  can  be  created  the  automata  to  operating  currents 
into  several  ten  thousands  of  aaperes  [  L.  14-2  and  15-2], 
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In  the  installations  of  alternating  current  with  voltage  to  500 
?  and  of  direct  current  to  220  V  are  inclusively  widely  applied  also 
the  Manufactured  with  Soviet  plants  adjusting  automata  of  series 
A3 1 00  to  rated  currents  50-b00  A  into  one-  two-  and  tripolar 
performance. 

Representation  about  tnase  automata  gives  the  given  in  Fig. 

15-11  cross  section  of  an  adjusting  automaton  of  the  type  A3120  to 
current  100  A. 

Automata  have  plastic  rouudations  1,  which  makes  it  possible  to 
install  them  in  metal  constructions.  Plastic  covers/caps  2  provide 
the  safety  of  their  maintenance/sei vicing. 

In  cover/cap  there  is  a  groove  lor  the  handle  of  10  manual 
controls.  Kith  lever/crank  and  electromagnetic  actuators  these 
automata  are  not  supplied. 

Fig.  15-11  automaton  shows  in  position  after  automatic 
disconnection  under  the  action  of  release.  For  the  start  of  automaton 
it  is  necessary  handle  10  to  turn  downward  (10"  -  the  position  of 
handle  after  manual  cutoff/disconnection) .  In  this  position  the  lower 
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finger/pin  of  the  lever  of  free  release  by  12  is  seized  by  trip  13, 
and  idler  levers  of  the  mechanise  of  free  release  11  prove  tc  be 
prepared  to  start. 

Is  connected  automaton  oy  the  rotation  of  handle  10  upward,  in 
position  10*.  Lever  12  is  nela  in  lower  position  by  trip  13.  For  the 
automatic  cutoff /disconnection  of  automaton  it  is  necessary  to  derive 
lever  12  of  the  engagement  witn  trip  13.  Is  reached  this  via  the 
rotation  of  trip  to  snail  angle  to  the  right.  Freed  lever  12  is 
turned  it  counterclockwise  and  nreaks  the  hinged  connected  linkage  of 
the  mechanism  of  free  release  D y  11.  Automaton  is  disconnected 
(position  in  Fig.  15-11).  the  displacement  of  trip  13  indicated  with 
automatic  cutoff /disconnection  is  realized  by  releases  of  automaton. 

The  given  in  Pig.  15-11  automaton  has  the  combined  releases  each 
of  which  consists  of  electromagnetic  and  thermal  elements/cells. 
Electromagnetic  element/cell  consists  of  electromagnet  15  whose  coil 
is  connected  in  series  into  tne  ousbar  of  4  phases  (pole)  of  circuit. 
Upon  reaching  by  the  current  of  value  U?  armature  16  is 
attracted/tightened  to  magnet  core  15  and  turns  the  lever  of  release 
18.  The  latter  by  means  of  tact  14  turns  the  cylinder  on  which  is 
attached  trip  13,  after  which  tne  automatic  device  is  disconnected. 
Tripping  tine  during  functioning  of  electromagnetic  release  is  very 

small  -  approzinatel  y/exeaplanly  0.012-0.020  s.  The  electromagnetic 
eleaents/cells  of  releases  realize  protection  only  froa  short 

circuits. 


i 


J 


Pig.  15-11.  Autoaaton  or  tae  type  A3120  on  100  k,  500  V  (cross 
section) . 

Page  234. 


Overload  protection  of  circuit  is  realized  by  theraal  elenent/cell 
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19,  which  consists  of  two  connected  with  each  other  plates  from  the 
different  alloys  (for  example,  one  plate  of  nickel  alloy  with  iron, 
and  the  second  of  the  corstantan),  which  possess  different 
coefficients  of  linear  expansion  during  heating  (the  bimetallic 
strip) .  The  plates  indicated  are  connected  in  series  into  the  circuit 
of  the  phase  of  circuit  (into  tne  crosscut  of  busbar  4).  In  current 
the  overloadings  of  plate  strongly  are  heated  and  as  a  result  of 
different  linear  expansion  are  bent  so  that  adjusting  screw  20 
depress  leveres  18  and  turns  it,  that,  as  noted  above,  it  leads  to 
the  displacement  of  trip  13  and  tne  cuto ff /disconnection  of 
automaton.  In  such  a  manner  botn  tne  electromagnetic,  and  thermal 
elements/cells  of  release  act  on  the  mechanism  of  the  free  release  of 
automaton  with  the  aid  or  general/common/total  intermediate 
components/links  14  and  Id.  The  time  of  action  of  thermal 
element/cell  depends  on  the  current:  with  an  increase  in  the  current 
of  overloading  triggering  time  or  thermal  element/cell  decreases. 

Pig.  15-12  shows  the  characteristic  of  the  combined  release.  If 
circuital  current  is  less  l„>  then  automaton  remains  connected.  With 
circuital  current  from  /„  to  /cp.  i.e.  with  the  overloading  of 
circuit,  operates/wears  the  thermal  element/cell  of  release  on  the 
dependent  part  of  the  characteristic,  currents  are  sore  Icv 
(virtually  short-circuit  currents)  activate  of  the  electromagnetic 
element/cell  of  release  and  cutof f/disconnection  in  the  course  of 
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ti»e  ^OTfc’  by  t  hat  not  depending  on  current  (independent  part  of  the 
characteristic) . 

Adjusting  automata  with  one  electromagnetic  element/cell  of 
release  shield  installation  only  from  the  currents  of  short 
circuiting. 

spring  17  (Pig.  15-11)  serves  for  the  return  of  the  mechanism  of 
release  to  initial  position. 

Motionless  5  and  movaole  o  contacts  of  automaton  are  made  from 
cermet  connections  on  tne  uase  of  silver.  Slide  contact  is 
fastened/strengthened  to  copper  plate  7,  connected  by  fie*  conductor 
8  with  busbar  4.  Steel  isolated/insulated  shaft  9  is 
general/common/total  for  all  poles  of  automaton. 

Automata  perform  witn  the  rront/lea ding  (terminal/gripper  3  on 
Pig.  15-11)  or  rear  connection  of  wires  (busbars). 

Adjusting  automata  have  small  overall  sizes  with  the 
comparatively  large  disconnecting  ability  which  it  is  provided  by 
arc-suppression  grids  21  witn  steel  plates.  Depending  on  nominal 
voltage  and  current  adjusting  automata  are  capable  of  disconnecting 
short-circuit  currents  to  40-50  ka  [ L  14-1]. 
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Besides  those  indicated  above,  soviet  plants  manufacture 
small/ainiature  automata  to  rated  currents  to  25  R  and  voltages  to 
380  V,  supplied  with  releases  with  t her  sal  and  electromagnetic 
eleaent s/cells. 

15-3.  Contactors. 

Contactors  serve  for  and  autoaatic  reaote  control  of  the 
electric  motors  or  any  otner  circuits  in  the  installations  of  direct 
and  alternating  current  as  voltage  to  1000  V.  In  contrast  to  autoaata 
contactors  do  not  shield  electrical  circuits  from  abnormal 
aodes/conditions  (short  circuits,  overloadings,  etc.)  and  they  can  be 
used  for  frequent  starts  and  cutotis/disconnections  of  circuits. 

Fig.  15-13  explains  the  principle  of  device/eguipaent  and  the 
circuit  diagram  of  single-pole  contactor. 


'  Fkj.  i *  /j.  pi«  »y  *3 


Fig.  15-12.  Characteristic  of  tne  combined  release  of  an  automaton  of 
the  type  A3000. 

Fig.  15-13.  Single-pole  contactor,  a)  the  schematic  of  the 
de vice/equipment ;  b)  circuit  diagram;  c)  the  conditional  iaage  of 
contactor  in  unilinear  diagrams  in  position  is  disconnected;  d)  the 
same,  but  in  engage  position  (zigzag  6  above  contacts  indicates  that 
the  contactor  is  made  with  arc  extinguishing,  i.e.,  is  equipped  with 
any  arc-suppression  de vice/egur pmeut) . 

Page  235. 

During  closing/shorting  by  key/vrench  7  (without  self-reset)  the 
circuit  of  the  coil  of  holding  magnet  4  armature  3  is 
attracted/tighteried  to  its  core  and  contacts  1  are  closed.  For  the 
retention  of  contactor  in  the  connected  position  the  magnet  coil  4 
always  must  flow  itself  by  current,  for  which  key/wrench  7  must  be 
always  they  will  lock,  since  the  contactors  of  the  normally  holding 
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trips  do  not  have.  For  the  cutoff/disconnection  of  contactor  it 
suffices  to  disconnect  the  key/wrench  of  control  of  7.  Holding  aagnet 
will  be  de-energized,  and  contactor  will  be  disconnected  under  its 
own  weight  of  moving  elements,  some  contactors  have  the  disconnecting 
springs. 

Contactors  are  usually  supplied  with  arc-suppression  gratings  6 
with  metallic  plates  or  witn  plates  from  non-arcing  insulation. 

With  the  aid  of  the  separately  established/installed  relays  it 
is  possible  to  realize  automatic  breaking  and  cutof f/disconnection  of 
contactors.  So,  if  we  connect  the  normally  open  contacts  of  relay  R 
in  parallel  to  key/wrench  7  (broken  connections  in  Fig.  15-13),  then 
during  the  closing  of  contacts  of  relay  contactor  will  be  connected 
and  vice  versa.  Thus,  with  the  aid  of  contactors  and  different  types 
of  the  relays,  connected  on  special  diagrams,  it  is  possible  to 
realize  automatic  control  of  installation. 

Are  Manufactured  also  contactors  with  normally  closed  contacts 
(with  the  de-energized  ceil  ot  holding  aagnet) .  After  the  excitation 
by  the  current  of  holding  aagnet  these  contactors  are  disconnected. 
Are  applied  then  in  different  aiagrans  of  automatic  control. 

'ffiLom,  on 

The  holding  magnet  cf  contactor  can  be  supplied#f rom  storage 
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battery,  or  froa  the  saae  circuit,  into  which  is  connected  the 
contactor.  In  the  second  case  (Fig.  15- 15) with  the  lowered/reduced 
line  voltage  the  attracting  force  of  araature  to  aagnet  core 
decreases,  and  contact  can  oe  disconnected.  If  this  according  to  the 
condition  of  the  node  of  operation  of  circuit  is  inadmissible,  then 
it  is  necessary  to  supply  holding  aagnet  froa  the  independent  current 
source. 

In  Fig.  15-14  it  is  given  general  view  and  cross  sections  along 
the  aagnetic  and  contact  systems  of  the  tripolar  contactor  of 
alternating  current  of  the  type  KT  with  arc-suppression  gratings. 

15-4.  Magnetic  starters. 

Magnetic  starters  are  applied  for  renote  control  of  asynchronous 
squirrel-cages  motor,  included  to  tull/total/coaplete  line  voltage. 

Magnetic  starter  consists  of  tripolar  contactor,  two  theraal 
relay  and  blocking  contacts,  built  in  the  general/coaaon/total 
cabinet  (Fig.  15-15  and  15-16).  Control  of  starters  usually 
pushbutton.  In  diagram  in  Fig.  15-15  in  contrast  to  diagram  in  Fig. 
15-13  is  provided  the  feed  of  holding  aagnet  by  1  by  alternating 
current  froa  the  network,  whica  feeds  electric  motor  D. 


Pig.  15-14.  The  contactor  ot  alternating  current  is  tripolar  with 
arc-suppression  gratings,  a)  tne  general  view;  b)  section/cut  on  the 
holding  wagnet;  c)  section/cut  on  contacts  and  arc-suppression 
grating.  1  -  framework  witn  the  core;  2  -  armature;  3  -  the  holding 
magnet;  4  -  backstop;  5  -  Holder  ot  the  armature;  6  -  contact  strut; 
7  -  motionless  main  contact;  U  -  movable  main  contact;  9  - 
arc-suppression  horn;  10  -  rlexxole  member;  11  -  spring;  12  -  holder 
of  the  slide  contact;  13  -  shait  irom  insulation;  14  - 
arc-suppression  grating;  15  -  steel  plates;  16  -  bearing;  17  - 
breaking  blocking  contacts;  Id  -  closing  blocking  contacts. 


Page  236 
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For  control  of  magnetic  started  are  provided  switching  on  V  nnd 
disconnecting  against  the  knobs/buttons  (the  second  is  nornally 
locked) ,  that  also  blocking  contacts  3,  connected  with  the  noving 
element  of  the  starter. 

By  pushing  of  the  switching  on  knob  they  close  the  circuit  of 
holding  magnet  1  (contacts  5  and  5*  thermal  relays  are  normally 
locked),  which  attra ct s/tightens  armature  2  and  is  switched  on 
contactor.  Upon  the  start  of  contactor  are  closed  blocking  contacts 
3,  which  shunt  switching  on  button.  After  interrupting  this 
knob/button  the  circuit  of  electromagnet  remains  locked  through 
contacts  3,  disconnecting  tnoo/outton  and  contacts  5  and  5*  thermal 
relays.  Remotely  contactor  uisconnects  by  pressure  the  disconnecting 
knob/button,  which  disrupts  the  circuit  of  holding  magnet. 

Overload  protection  is  realized  with  the  aid  of  the  thermal 
relays,  built  in  the  starter.  Each  thermal  relay  contains  composite 
element/cell  6  (or  6')  heated  by  ilichrome  heating  eleaent/cell  4  (or 
4*),  over  which  flows/occurs/iasts  the  current  of  electric  motor 
(Fig.  15-15).  About  the  cevice  of  composite  elements/cells  was  said 
in  5  15-2.  During  interrupting  of  the  contacts  at  least  of  one 
thermal  relay  (5  or  5')  is  disrupted  the  circuit  of  holding  magnet 
and  starter  is  disconnected. 
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Magnetic  starter  disconnects  engine  also  with  decrease  in  the 
conducted/supplied  voltage  to  SQ-6O0/0  from  nominal,  since  with  this 
voltage  holding  magnet  no  lunger  in  state  to  hold  down/retain  starter 
in  the  connected  position. 

Magnetic  starters  do  not  snieid  circuit  from  short  circuits; 
therefore  in  the  circuits  of  electric  motors  additionally  are 
installed  safety  fuses. 

The  holding  magnets  of  the  magnetic  starters  noraally  are 
intended  for  work  only  on  alternating  current.  On  those  engines  which 
after  resumption  of  voltage  in  power  line  must  be  turned/run  up 
automatically  (for  example  the  engines  of  the  critical  mechanisms  of 
their  own  needs  of  power  plants),  aagnetic  starters  must  not  have 
blocking  contacts  3  and  for  control  by  them  must  be  used  the  rotary 
keys/wrenches  of  control  without  self-reset  as  in  the  diagram  of  Fig. 


15-13 


Pmj  .  rs-iu 

Pig.  15-15.  Magnetic  starter,  a)  tne  schematic  diagram  of  the 
device/equipment ;  b)  the  conventional  designations  in  unilinear 
diagrams. 

Fig.  15-16.  Tripolar  starter  (cover/cap  is  taken/reaoved) .  1  -  shaft 
of  the  contactor;  2  -  chaaner/caaeia  of  the  arc-suppression  gratings 
3  -  the  holding  magnet;  4  -  tne  thermal  relay;  5  -  blocking  contacts 
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Chapter  sixteen  . 

Disconnectors  and  drives  oy  thea. 

16-1.  Designation/purpose  and  types  of  disconnectors. 

By  the  fundaaental  designation/purpose  of  disconnectors  is 
providing  safety  of  production  in  repair  work  in  electrical  devices 
the  voltage  of  above  1000  V.  Disconnectors  aake  it  possible  to 
reliably  detach  (to  insulate)  those  parts  of  the  installations  on 
which  must  be  conducted  repair  wort,  froa  its  other  parts,  which 
remain  under  voltage.  Because  of  disconnectors  it  is  possible  to 
ensure  the  safety  of  the  repair  of  electrical  eguipnent  without  the 
disturbance  of  other  parts  of  the  installation. 

The  contacts  of  disconnector  are  located  in  air,  which  provides 
the  visibility  of  the  place  of  chain  cleavage  (Fig.  16-1).  Distance  A 
between  the  dead  contacts  of  disconnector  must  be  that  so  that  for 
its  breakdown  would  be  required  voltage  larger  than  for  the  breakdown 
of  distance  B  between  the  phase  and  the  grounded  by  part 
construction/design  of  disconnector  or  between  its  phases.  By  this  is 
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prevented  the  possibility  or  the  overlap  between  the  dead  contacts  of 
disconnector  with  the  onset  ot  overvoltages  in  installation. 

Disconnectors  do  not  nave  arc-suppression  devices/equipaent ; 
therefore  by  then  it  is  not  possible  to  disconnect  the  currents  of 
the  loads,  with  which  on  their  contacts  is  foraed  powerful/thick 
electric  arc.  This  open  arc  not  only  can  destroy  disconnector  and 
near  to  it  electrical  equipment,  but  it  can  overlap  phases  and  cause 
short  circuit  in  installation.  Open  arc  is  very  dangerous  for  the 
service  personnel.  Therefore  disconnectors  normally  are  utilized  for 
start  and  stop  of  the  de-energized  parts  of  the  installation, 
preliminarily  off  by  switch. 

In  some  diagrams  of  tne  electrical  connections  of  stations  and 
substations  are  utilized  the  disconnectors  also  for  switchings,  if 
they  are  not  accompanied  oy  tne  onset  of  arc  on  the  contacts  of 
disconnector,  for  example,  them  are  utilized  for  switching  of 
circuits  from  one  system  of  collecting  mains  to  another  (see  §  3-2, 
Pig.  3-4). 

The  at  the  same  time  many- year  experience  of  operation 
established/installed,  which  by  disconnectors  is  possible  to 
successfully  switch  on  and  to  disconnect  circuits  with  the  small 
currents  when  on  the  contacts  of  disconnector  arc  in  no  way  appears 
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or  appears  a  comparatively  weak,  arc,  easily  extinguishing  in  the  open 
air  without  the  danger  of  the  decomposition  of  disconnector  or 
overlap  of  its  phases.  This  use  of  disconnectors  for  the 
cutoff/disconnection  of  circuits  with  snail  currents  frequently  makes 
it  possible  to  refuse  froa  the  use/application  of  expensive  and  bulky 
high-voltage  switches  and  substantial  to  sinplify  and  to  reduce  the 
cost  of  the  distributor  of  rue  installation  (see  also  vol.  2,  chapter 
2-5).  With  respect  to  tne  aforesaid  by  disconnectors  it  is  possible 
to  switch  on  and  to  disconnect  £  L.  3-6  and  16-1]: 

1)  charging  rate  of  collecting  mains  and  electrical  equipaent, 
air  electric  power  lines  oy  voltage  to  20  kv  of  inclusively  any 
length,  air  electric  power  lines  by  voltage  35  kv  in  long  to  30  ka 
and  110  kV  -  to  20  km,  caaie  lines  with  voltage  up  to  10  kV  in  long 
to  10  ka; 

2)  the  running-light  current  of  power  transforaers  with  a  power 

of : 

with  voltage  to  10  kV  inclusively  ...  of  750  kVA. 

with  voltage  20  kV  ...  of  3200  kVa. 


with  the  voltage  35  kV 


of  20,000  kVA 
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with  the  voltage  110  kV  ...  of  31,500  kVA. 

(disconnectors  they  aust  be  tripolar  with  the  power  drive) ; 

3)  voltage  transformers; 

4)  the  neutral  of  power  transformers  and  the  arc-arresting 
coils; 

5)  the  cross  current  or  lines  when  a  difference  in  voltage  on 
disconnector  after  cutof f /disconnect ion  comprises  not  more  than  their 
2o/o  nominal  value; 

6)  the  current  of  single-paase  closing/shorting  to  the  earth;  5 
A  for  lines  by  voltage  20-35  kV  and  10  A  -  for  lines  with  voltage  10 
kV  and  below. 

Is  allowed/assumed  so  cutoff/disconnection  by  the  disconnectors 
of  the  current  of  load  up  to  15  A  with  voltage  to  10  kV. 

Disconnectors  must  possess  a  sufficient  for  conditions  this 
installation  electrodynamic  and  thermal  resistance  and  must  be 
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mechanically  durable,  maintaiainy/withstanding  without  any  damages 
the  established/installed  by  norms  number  of  starts  and 
cutoffs/disconnections. 

By  a  number  of  poles  distinguish  disconnectors  one-  and 
tripolar;  on  the  kind  of  installation  -  for  the  internal  and  external 
installations;  using  mounting  metnod  -  with  the  vertical  or 
horizontal  location  of  Knives.  tty  construction/design  are 
distinguished  cutting  type  disconnectors  -  with  the  rotation  of 
knives  in  the  plane  of  axes  of  the  insulators;  the  rotary  type  -  with 
the  rotation  of  knives  in  tne  plane,  perpendicular  to  the  axes  of  the 
insulators;  plug  type  -  with  the  insulators,  which  move  with  start 
and  cutoff/disconnection  along  their  axis,  etc.  [  L.  16-2], 
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Pig.  16-1.  Tripolar  disconnector  tor  internal  installation  on  10  k¥, 
400  A. 
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Besides  working  knives  the  disconnectors  can  still  have  the  grounding 
knives  which  are  utilized  lor  shorting  and  grounding  of  the  phases  of 
the  parts  of  the  installations  during  repairs  (after  their 
full/total/complete  cutoff/uisconnection  from  other  parts,  which  are 
located  under  voltage)  . 

Soviet  plants  manufacture  disconnectors  for  internal  and 
external  installation  to  entire  voltages  up  to  500  k¥  inclusively 
(Cable  P-13). 

16-2.  Disconnectors  for  internal  installations. 
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Por  internal  installations  soviet  plants  manufacture  cutting 
type  single-pole  and  tripolar  disconnectors,  normally  adjusted  in 
vertical  position.  Majorities  or  then  have  linear  contacts. 

General  idea  about  tripolar  disconnectors  for  internal 
installation  to  voltages  o-lQ  K v  gives  the  disconnector,  given  in 
Fig.  16-1.  Knives  1  rotate  with  the  aid  of  pivoting  porcelain  rods  2, 
hinged  connected  with  tne  oands  or  knife  1  and  with  levers  3  on 
genera l/con«on/total  shafting  4. 

Control  of  tripolar  disconnectors  is  usually  realized  by  the 
special  drives  (§  16-4) ,  which  with  the  aid  of  steel  rods  connect 
with  drive  lever  5  on  the  suatt  of  disconnector.  Disconnectors  to 
snail  rated  currents  (usually  not  more  than  600  4)  can  be  also 
switched  on  and  disconnected  with  the  aid  of  operational  rod  from 
insulation.  At  the  end/leaa  of  the  rod  there  is  finger/pin,  which 
with  process/operations  from  disconnector  is  introduced  into 
opening/aperture  at  the  end/lead  of  its  rocker  shaft  am  5.  By 
rotating  the  last  rod,  switch  on  or  disconnect  disconnector. 

At  present  Soviet  plants  manufacture  tripolar  disconnectors  for 
the  internal  installation  of  tne  single  (all-Onion)  series  which 
appropriated  a  designation  of  tne  type  R?.  In  the  disconnectors  of 
this  series  (Pig.  16-2)  are  used  the  improved  and  more  fail-safe 
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design  linear  contacts  with  the  magnetic  locks  which  were  in  detail 
described  in  §  12-3  and  given  in  Fig.  12-11,  and  also  s aall/ainiature 
porcelain  insulators  with  internal  reinforcing  (chapter  9),  which 
substantially  lowered  overall  sizes  and  weight  of  disconnectors  in 
comparison  with  the  previously  released  disconnectors  on  insulators 
with  the  external  attachaent  or  araature,  for  exaaple  types  HVT, 

RL VIII,  etc. 

The  tripolar  disconnectors  of  series  RV  if  necessary  can  be 
equipped  with  the  knives  of  grounding,  established/installed  froa  any 
side  of  nain  knives,  type  H  VZ,  and  also  they  can  be  Bade  on  three 
supporting/reference  ones  and  tnree  passage  ones  or  on  six  wall 
entrance  insulators  -  type  KVF  (F  -  the  figure  perforaance  of 
disconnector,  i.e.,  on  uaii  entrance  insulators). 

The  knives  of  disconnectors  to  rated  currents  to  1  kA 
inclusively  consist  of  two  copper  oands  of  rectangular  cross  section. 
To  high  currents  the  knives  of  disconnectors  to  aore  advantageously 
perform  froa  several  pairs  ot  oands.  So,  the  knives  of  disconnectors 
to  current  2  kA  consist  cf  two  pairs  of  rectangular  bands. 

In  disconnectors  to  currents  J  kA  and  aore  aost  advantageous  is 
the  box  fora  of  current-carrying  parts,  since  in  this  case  is  reached 
better  use  and,  consequently,  also  the  savings  cf  copper,  and  also 
the  high  aechanical  strength  of  knives. 


Fig.  16-2.  Disconnector  tripoiar  or  the  type  RV  10/400  on  10  kV,  400 

A. 
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Such  knives  (Fig.  16-3)  are  used  in  heavy-current  disconnectors  of 
the  type  RVK,  nanufactured  with  Soviet  plants  in  currents  3  kA  and 
■ore  and  voltage  10  and  20  kV.  in  these  disconnectors  are  used  also 
saall/ainiature  porcelain  insulators.  As  a  result  of  entire  this  is 
achieved/reached  the  consideraole  decrease  of  overall  sizes  and 
weight  of  disconnectors  in  comparison  with  previously  released  to  the 
saae  rated  currents  disconnectors  of  types  HV0,  RO  and  RLVIII. 

The  knives  of  disconnectors  of  the  type  RVK  to  current  3  kA 
consist  of  two  box  busbars,  wqj.ch  encompass  the  aotionless  contact 
struts,  also  aade  froa  b ex  ousoars  (Fig.  16-14),  while  those  of 
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disconnectors  on  4*6  kA  -  of  four  oox  busbars,  which  in  pairs 
encoapass  contact  struts  (Fig.  16-3  and  16-15).  Knives  are  equipped 
with  contact  springs  and  nagnetic  locks.  The  current-carrying  parts 
of  the  disconnectors  to  currents  3,  4  and  5  kA  are  assembled  on  two 
stand-off  insulators,  while  those  of  the  disconnectors  on  20  kV  and  6 
kA  -  on  four  insulators,  as  is  evident  in  Pig.  16-3,  where  are  used 
stand-off  insulators  of  tae  type  OrtE-20. 

Disconnectors  of  the  type  fiVK  are  nanuf actured  in  the  fora  of 
the  separate  poles,  equipped  with  shaftings.  Tripolar  disconnectors 
coapose  of  three  such  disconnectors  by  the  connection  of  their  shafts 
by  the  rigid  couplings  (Fig.  16-14).  This  construction/design  Hakes 
it  possible  to  install  between  the  axes  of  the  poles  of  disconnector 
different  distances,  which  can  be  caused  by  the  need  of  guaranteeing 
the  elect rodynaaic  stability  of  husbar/tire  construction/design  or  by 
any  design  features  of  distributor. 

If  the  distance  between  centers  of  busbars  and  poles  of 
disconnector  different,  taen  upon  the  connection  of  busbars  to 
disconnector  is  necessary  to  soaewaat  bend  then,  which  is 
con jugated/coabined  with  considerable  difficulties  with  heavy 
heavy-current  busbars  (packet  of  flat/plane  or  box  busbars).  Hith 
disconnectors  of  the  type  BVK  this  it  is  possible  to  avoid  via  the 
selection  of  the  corresponding  distance  between  its  poles. 
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The  terainals/grippers  o£  uisconnec tors  of  the  type  BVK  aake  it 
possible  to  connect  up  than  ousbacs  both  prone  and  to  edge/fin  (with 
respect  to  the  stand-off  insulators  of  disconnector) .  These 
disconnectors  are  aanufactured  only  on  stand-off  insulators. 


Fig.  16-4  in  the  fora  of  an  example  gives  single-pole 
disconnector  for  internal  installation  of  the  type  RVO  (single 
series) .  In  these  disconnectors  is  used  accurately  the  saae  contact 
system,  as  in  tripolar  disconnectors  of  the  type  RV .  Insulators  - 
supporting/reference,  saali/ainiature. 


Single-pole  disconnectors  to  currents  400  and  600  jk  they  switch 
on  and  disconnect  by  hand  witn  the  aid  of  operational  rod.  Bith  the 
fulfillment  of  process/opera tions  the  finger/pin  of  rod  is  introduced 
into  the  opening/aperture  of  lug  1,  fastened/strengthened  to  axis  2 
between  the  plates  of  3  knives. 


F«q  IU  -1 


Fiq  lu  i 


v.  20__kV_  and  6000  A  ) 

Fig.  16-3.  Disconnector  of  the  type  RVK- 20/6000  on  A  (one  pole). 

Fig.  16-4.  Disconnector  single- pole  of  type  RVO-10/400  on  10  kV,  400 

A. 
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Single-pole  disconnectors  to  rated  currents  1  and  2  kA  have  shaftings 
(as  the  poles  of  disconnectors  of  the  type  RVK)  with 
established/installed  on  thea  rocker  shaft  arts,  with  the  aid  of 
which  they  switch  on  and  disconnect  disconnectors  by  rod. 

The  current,  flowing  on  the  current-carrying  parts  of  the 
disconnector,  changes  its  direction,  as  this  is  shown  in  Fig.  16-5. 
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As  a  result  of  interaction  of  currents  in  the  elenents/cells  of  the 
current-carrying  outline  of  disconnector  appears  certain  net  force  P, 
applied  to  knife  and  trying  to  disconnect  it  (to  break  the  loop  of 
current) .  The  greatest  value  this  force  reaches  with  the  course  of 
iapact  short-circuit  current,  so  that  in  this  case  the  knife  of 
disconnector  spontaneously  would  not  be  disconnected,  since  this  can 
be  the  reason  for  serious  emergency  in  installation,  the  frictional 
force  in  contact,  which  depends  on  the  tightening  of  contact  springs 
and  on  the  force  of  the  mutual  attraction  of  the  bands  of  knife  and 
steel  plates  of  magnetic  lock,  it  must  be  more  than  indicated 
electrodynaaic  force  P.  If  this  condition  provide  then  on  the  knife 
of  disconnector  is  provided  for  the  lock  (trip) ,  which  locks  it  in 
the  connected  position.  This  lock  equipped  disconnector  in  Pig.  16-4. 

In  the  connected  position  of  disconnector  the  tooth  of  4  lugs  1 
seizes  clamp  6,  fastenad/streng theaed  to  upper  stand-off  insulator  7. 
The  reliability  of  cohesion/coupling  provides  spring  5,  which 
attempts  to  turn  lug  in  the  direction  of  rotation  of  hour  hand.  With 
the  cutoff/disconnection  when  the  finger/pin  of  operational  rod  is 
introduced  into  the  opening/aperture  of  lug,  the  latter  is  turned  in 
opposite  direction,  thanks  to  which  tooth  4  and  clamp  6  are  released 
and  knife  2  is  freed/released. 

Tripolar  disconnectors  do  not  have  similar  locks,  since  their 
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spontaneous  cutoff/disconnec tion  is  removed  with  the  aid  of  retaining 
catches  in  drives,  and  also  the  corresponding  positions  of  the  levers 
of  transmission  from  drive  to  tae  shaft  of  disconnector  -  a  position 
of  levers,  close  to  their  HdeaaH  position  (Fig.  16-11  and  16-12). 

16-3.  Disconnectors  for  external  installations. 

Disconnectors  for  external  installations  must  possess  the 
appropriate  insulation,  calculated  for  a  work  under  unfavorable 
environmental  conditions  (dust,  moisture),  and  also  the  increased 
mechanical  strength,  since  process/operations  with  them  are  conducted 
also  by  the  presence  of  ice-coverea  surface  on  contacts.  Their 
contacts  as  far  as  possible  must  be  made  so  as  to  the  layer  of 
ice-covered  surface  easily  it  would  break  also  in  this  case  they 
would  not  be  created  the  considerable  efforts/forces,  operating  on 
the  fracture  of  stand-off  insulators. 

In  the  open  distributors  u y  voltage  35-220  kV  are  very  common 
cutting  type  soviet  disconnectors  with  the  rotation  of  knives  in  the 
plane  of  the  insulators  of  types  BLN  (disconnector  with  linear 
contacts  for  external  installation)  and  RLNZ  (with  one  or  two 
grounding  knives).  These  disconnectors  are  manufactured  in  the  fora 
of  the  separate  poles,  connected  on  the  spot  of  installation  into  one 
tripolar  apparatus. 
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Fig.  16-6  shows  the  average/aean  pole  of  a  disconnector  of  the 
type  RLNZ-35.  Outer  insulators  2  are  fixed  on  frame  1  of  angular 
steel;  average/mean  insulator  1  is  established/installed  on  bearing 
and  can  be  turned  around  its  axis.  Knife  4  is  nade  froa  the  copper 
tube  whose  one  end  is  sgueezed  in  the  fora  of  the  blade  to  which  is 
riveted  steel  cap  8,  which  is  movanle  horn.  Knife  throws  in  itself 
into  fixed  contacts  6  and  7,  equipped  with  springs.  The  busbars  of 
distributor  terainate  10  and  11.  In  the  connected  position  the 
current  flows/occurs/lasts  through  the  following  parts:  10-7-4-6-11. 

Tubular  knife  4  is  passed  within  the  plug  of  crosspiece  12, 
which  can  be  turned  in  vertical  plane  on  axes,  which  are  located  in 
bearings  13,  base-mounted  14.  Together  with  crosspiece  in  vertical 
plane  can  be  turned  knife  4. 

To  tube  4  it  is  put  on  and  tightly  on  it  jaaaed  cast  iron  claap 
15,  hinged  connected  with  tne  framework  (moving  support)  16.  The 
latter  encompasses  knife  and  oy  the  second  end/lead  with  the  aid  of 
lug  and  thimble  17  it  is  connected  with  leading  lever  18, 


fastened/strengthened  to  the  cap/hood  of  rotary  insulator  3 


! 


Fig.  16-5.  Force,  which  operates  on  the  knife  of  disconnector  with 
the  course  of  short-circuit  current. 

Page  241. 


The  levers  19  of  rotary  insulators  of  three  phases  connect  with 
thrusts/rods.  The  insulator  or  average/aean  phase  they  connect  by 
vertical  shaft  20  with  drive.  Xnerefore  during  the  rotation  of 
average/aean  insulator  sinuitaneously  rotate  the  insulators  of  other 
two  phases. 

With  the  cutoff /disconnection  of  disconnector  insulator  3  with 
the  aid  of  lever  19  is  turned  clockwise.  Together  with  insulator  is 
turned  leading  lever  18,  froi  which  the  notion  is  transmitted  to 
fraaework  16.  The  latter  in  the  beginning  of  notion  turns  claap  15, 
and  together  with  it  and  knife  4  around  its  axis  to  angle  of 
approxiaately  80°.  During  further  rotation  of  insulator  fraaework  16 
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begins  to  push  clasp  15  upward,  as  a  result  of  which  the  knife  also 
starts  to  agitate  itself  upward,  rotating  on  the  axes  of  crosspiece 
12.  In  off  position  4*  knife  is  held  by  the  trip,  available  in  drive. 

Upon  the  inclusion  tne  knife  first  rotates  in  vertical  plane  and 
is  oaitted,  in  this  case  its  flat/plane  end/lead  by  the  narrow  side 
freely  enters  between  tne  jaws  of  rixed  contact.  After  accepting 
horizontal  position,  knife  is  turned  around  its  axis  to  angle  of 
approximately  80°  and  its  fiat/plane  end/lead  wedges  the  jaw  of  fixed 
contact,  thanks  to  which  tne  contacts  clean  theaselves  well  and  is 
created  the  necessary  pressure  in  contact. 

Because  of  the  coabiuation  aotion  of  knife  the  disconnector 
works  very  snoot hly  and  insulators  do  not  test  iapact  and  bending 
loads.  Is  provided  the  light  fracture  of  ice  and  good 
cleaning/purification  of  contacts  with  icing. 

In  the  case  of  process/operations  for  arc  current  appears  on 
horns  8  and  9,  which  shieias  froa  decomposition  by  arc  main  contacts 
of  disconnector. 

Grounding  knife  21,  jade  from  steel  tube  with  copper  contact 
cap,  is  welded  to  shaft  22  and  is  connected  by  flexible  copper 
connection/coaaunication  2J  with  fraae  1,  which  aust  be  reliable 
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grounded.  The  shafts  of  21  three  poles  connect  by  the  cuts  of  tubes 
27. 


Hith  process/operations  Kith  the  grounding  knives  vertical  drive 
shaft  turns  the  shaft  or.  2o  disconnectors,  frca  which  the  aotion  with 
the  aid  of  levers  and  thrust/rod  oy  24  is  transaitted  to  the  shaft  of 
the  grounding  knives.  The  drive  of  disconnector  is  a  ’e  so  that  the 
grounding  knives  can  be  inciuded/connected  only  after  the 
cutoff/disconnection  of  working  tnives.  The  latter  in  connected 
position  21'  throw  in  thenselves  into  contacts  26, 
fastened/strengthened  to  the  caps/noods  of  insulators  2. 

Each  pole  of  disconnector  can  have  two  knives  of  the  groundings, 
established/installed  froa  tne  side  of  both  outer  insulators  2. 
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Page  242. 

Disconnectors  by  voltages  110  kV  and  higher  have  analogous 
construction/design,  but  they  are  supplied  with  colunns  of  several 
pin  insulators.  Fig.  16-7  shows  the  pole  of  this  disconnector  of  the 
type  RLNZ-220  on  220  k¥  with  grounding  knife  1  in  the  forn  of  folding 
linked  quadrilateral.  During  the  rotation  of  shaft  2  against  the 
direction  of  rotation  of  hour  hand  knife  1.  being 

straightened/rectified,  rises  upward  and  it  throws  in  itself  into  the 
contacts  of  grounding  3;  during  the  rotation  of  shaft  in  opposite 
direction  knife  1  stores/adds  up  and  occupies  the  position,  depicted 
in  figure. 

Working  knife  4  is  aoved  during  the  rotation  of  the  average/aean 
coluan  of  insulators  5;  the  aechamsa  of  the  notion  of  knife  is 
siailar/such  to  the  ezaained  higher  aechanisa  of  disconnector  by 
voltage  35  kV. 

Since  1958  the  plant  "electrical  device"  aanufactures  to 
voltages  10-110  kf  the  disconnectors  of  new  construction/design  - 
two-core  disconnectors  with  the  rotation  of  knives  in  the  plane. 
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per pen die alar  to  the  area  of  insulators.  Pig.  16-8  shows  the 
average/aean  pole  of  this  disconnector  on  110  k?  of  the  type  hlwd  (d 
-  two-core).  Disconnector  can  have  one  (type  BLND1)  or  two  (BLRD2) 
those  grounding  of  knife  to  pole,  in  these  disconnectors  are  used  rod 
stand-off  insulators  1  and  2  for  external  installation  of  the  type 
ST- 110.  The  collars  of  insulators  are  connected  by  thrust/rod  3.  With 
cutoff/disconnection  both  insulators  are  turned  around  their  axes  to 
angle  of  around  of  90°  in  the  direction,  shown  by  rif leaan/pointers. 

Bocker  shaft  arws  of  4  three  poles  connect  by  rods,  and  the 
shaft  5  of  insulator  of  average/aean  pole  they  connect  with  vertical 
drive  shaft.  Thus,  with  process/operations  with  disconnector  drive 
siaultaneously  turns  all  insulators  of  three  poles  of  disconnector. 

The  slide  contacts  of  disconnector  consist  of  two  flat/plane 
knives  6  and  7,  which  with  cutoff /disconnect ion  are  turned  in 
position  6*  and  7*.  To  knife  6  are  fastened/strengthened  contact 
coaautator  bars  8,  equipped  with  flat/plane  steel  springs.  In  the 
connected  position  knife  7  throws  in  itself  between  coaautator  bars 
8.  The  layer  of  ice-covered  surface  on  contacts  upon 
inclusions/connections  and  cutoffs/disconnections  easily  breaks  and 
insulators  do  not  experience  considerable  bending  stresses. 

The  busbars  of  distributor  tereiaate  9  and  10,  which  by  flexible 
evrrtit-carryini  caeaectioes/cossuaicatioes  11  aad  12  are  connected 
with  knives  6  aad  7. 


i 
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Pig.  16-8.  Disconnector  two-core  of  the  typo  1L8D-110  on  110  kv,  1 
k  (one  pole) • 

Key:  (1).  Off. 

Page  2«3. 

Two-core  disconnectors  of  the  type  RLVD  have  sispler 


const rnction/design,  saaller  overall  sizes,  weight  (2.5-3. 5  tines) 
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and  cost/value  in  conparison  with  three-core  disconnectors.  Because 
of  a  snaller  nun be r  of  insulators  is  above  the  reliability  of  their 
operation. 

Fig.  16-9  shows  the  pole  of  a  disconnector  of  the  type  ROMZ-400 
to  voltage  400  kf.  is  a  result  of  large  sixes/dinensions  the 
stand-off  insulators  are  aade  in  the  forn  of  trihedral  pyranids  fron 
coluans  1,  2  and  3,  conprised  of  stick  insulators.  The  knife  of 
disconnector  5  long  than  5  a  is  aade  froa  tubes.  Bith 
cutoff /disconnect ion  the  knife  is  turned  in  vertical  plane.  In  notion 
the  knife  is  given  by  electric- aot or  drive  6  with  the  aid  of  the 
hoaing/driving  coluan  of  insulators  4.  Disconnector  is  equipped  with 
folding  grounding  knife  7, 

Plant  "electrical  device"  develops/processes  by  voltage  500  kv 
and  current  2  kk  a  two-core  disconnector  of  the  type  BND-500/2000 
whose  construction/design  in  principle  the  saae  as  the  exaained  above 
two-core  disconnector  on  110  kv. 
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Kay:  (1).  Angle  of  ascent  of  knife.  (2).  (overall  height  with  raised 
knife) . 

Page  2*4. 

For  installations  with  voltage  110  kV  the  plant  "electrical 

% 

device"  nanafactares  also  one-shoe  disconnectors  of  the  type  RLMO 
whose  constrnction/design  is  proposed  by  eng.  L.  I.  Dvoskin.  Fig. 
16-10  shows  one  pole  of  this  disconnector  for  installation  up  on  bed. 
These  disconnectors  are  been  coaaonly  used  with  the  rigid  tubular 
busbars,  arranged/located  on  different  height  (busbar  6  and  13). 

Colunn  1  ol  the  three  pin  insulators  of  the  type  ShT-35  is 
attached  on  rocker  shaft  am  2.  The  latter  is  welded  to  the  end/face 
of  vertical  shaft,  which  is  located  within  cast  iron  support  3.  which 
is  the  bearing  of  the  coluan  of  insulators,  which  with 
process/operations  with  disconnector  is  turned  around  its  vertical 
axis. 


On  the  spot  installations  three  poles  connect  up  one  tripolar 
disconnector  with  the  aid  of  tubular  TRG-*.  hinged  connected  with 
rocker  shaft  arns  2. 

On  the  upper  insulator  of  coluan  1  is  established/installed  cast 
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iron  cap  5,  in  which  are  placed  betel  gears  of  the  eechanisa  of  the 
aotion  of  the  knife  of  disconnector  (diagraa  while  in  Fig.  16-10).  On 
this  cap  there  are  tersinals/grippers  for  the  fastening  to  it  of  the 
tabular  busbars  of  6  distributors*  Therefore  during  the  rotation  of 
shoes  of  insulators  cap  5  re wains  fired. 

In  cap  S  is  side  shaft  20,  at  brought-out  outside  end/lead  of 
which  is  established/installed  leading  leter  7,  connected  with  the 
fraaework  of  8  nechanisas  of  the  notion  of  the  knife  which  is  carried 
out  just  as  the  nechanisn  of  a  disconnector  of  the  type  BLR, 
disnantled/selected  higher  and  given  in  Pig.  16-6  (leading  lever  of  7 
single-shoe  disconnectors  fulfills  the  functions  of  the  leading  lever 
18  of  disconnector  of  the  type  BLR). 

Fired  contacts  11  are  established/installed  on  welded  bracket 
12,  fastened/strengthened  to  upper  tubular  busbar  13.  Horns  14 
provide  the  correct  entry  of  knife  in  fired  contacts.  Kith  flexible 
busbars  bracket  12  with  contacts  11  they  fasten  on  the  supplenentary 
colunn  of  stand-off  insulators. 

Vithin  cap  5  are  located  (Fig.  16- 10a)  vertical  17  and 
horixontal  20  shafts,  inserted  into  brass  bearings  18,  pressed  into 
the  housing  of  cap.  Shafts  are  connected  with  bevel  gears  19.  To  the 
lower  end/face  of  vertical  shaft  is  welded  disk  16,  rigidly  attached 
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to  the  cap/hood  of  15  upper  insulators  of  colunn  1. 

Thus,  during  the  rotation  of  colunn  1  together  with  it  rotates 
vertical  shaft  17.  In  this  case  cap  5  renains  notionless,  since  it  is 
held  by  fixed  to  it  rigid  tabular  busbar  6.  Pros  shaft  17  through 
gears  19  rotate  side  shaft  20  and  leading  lever  7.  During  the 
rotation  of  the  latter  fraaework  8  at  first  turns  knife  9  around  its 
axis  to  the  angle  approxiaately/exeaplarily  80°,  and  then  are 
abstracted/renoved  it  in  vertical  plane  at  an  angle  of  of  60° 
(position  10) . 

Opon  the  inclusion  the  notion  occurs  in  the  reverse  order:  first 
knife  without  inpact  enters  into  fixed  contact,  and  then  is  turned  by 
its  flat/plane  cap  it  wedges  jaws. 

Are  recently  in  the  Soviet  Onion  developed  also  single-shoe 
disconnectors  to  voltage  35  JtV  and  cantilever  type  disconnectors  to 
voltage  220  kf  (see  Pol.  2,  chapter  10).  In  those,  etc.  the  nechanisn 
of  the  notion  of  the  knife  in  principle  of  the  sane  as  the 
disnant led/selected  single-shoe  disconnectors  have  110  kv  with  a 
sonewhat  distinct  overall  design. 

Foreign  fir  as  nanufacture  the  siaplified  disconnectors 
single-shoe  with  the  folding  knives  (sinilar  to  the  grounding  knives 


\ 
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in  Fig.  16-7  and  16-9) ,  and  also  with  pantographic  knives  (see  Vol. 
2,  chapter  10) ,  which  are  similar  to  pantographic  current  pickups  of 
electric  locosotives  and  electrical  trolleys,  and  other 
constrnctions/de signs  (1.  16-3) . 
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Pig.  16-10.  Disconnector  is  single-shoe  of  the  type  BLNO-110  on  11 
kV,  600  (one  pole),  a)  the  schematic  diagrae  of  cap. 


Key:  (1).  View  of  firing.  (2).  Section/cut  on. 


16-4.  Drires  of  disconnectors 
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Recently  in  the  distributors  of  stations  and  substations  ace 
installed  predominantly  trr polar  disconnectors  with  drives.  The 
use/application  of  drives  raises  the  safety  of  the  fulfillsent  of 
process/operations  with  disconnectors,  since  drives  are  installed  at 
a  distance  froa  disconnectors,  and  in  the  closed  distributors  will 
carry  into  the  corridors  controls  (Pig.  16-11).  Drives  simplify  and 
accelerate  the  fulfillsent  of  process/operations  with  disconnectors 
as  a  result  of  siaultaneous  inciusion/connection  and 
cutoff /disconnect ion  of  all  phases. 

Page  245. 

The  presence  of  vires  on  d isconnectors  peraits  iapleaention  of 
blocking  the  drives  of  disconnectors  and  drives  of  the  switches  (see 
Pol.  2) how  are  prevented  incorrect  process/operations  with 
disconnectors  (process/operatxon  for  current  with  the  connected 
switch).  Siailar  blockings  increase  the  reliability  of  operation  and 
the  safety  of  servicing  installation. 

For  control  of  disconnectors  are  applied  aanual,  electr ic-notor 


and  pneuaatic  drives 
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Is  aost  coaaon  aanual  rigging,  which  finds  use/applicat ion  for 
disconnectors  to  rated  currents  to  3  k&  inclusively. 

One  of  the  versions  of  the  installation  of  rigging  is  shown  in 
Pig.  16-11;  the  diagraa  of  drive  is  given  in  Pig.  16-12.  On  axis  0t 
of  the  aain  bearing  7  cf  drive  is  put  on  handle  in  lower  part  of 
which  is  finger/pin  9.  To  axis  02  of  tail  bearing  of  8  drives  are  put 
on  rigidly  connected  with  each  other  levers  5  and  6.  Lever  6  and 
finger/pin  9  hinged  (c  and  d)  are  connected  with  lever  10.  To  Fig. 
16-11  the  right  side  of  lever  10  and  finger/pin  9  they  are  not 
visible,  since  they  are  located  within  drive,  but  lever  6  is  carried 
out  in  the  forn  of  sector  with  the  series/row  of  the  arranged/located 
in  circunference  openings/apertures.  Lever  5  is  fastened  with  sector 
6  by  bolt,  inserted  into  one  of  its  openings/apertures. 

Lever  5  and  rocker  shaft  am  4  on  shaft  o3  of  disconnector  is 
hinged  connected  with  tube  by  J  (with  the  aid  of  plugs  2). 

In  linkage  9-10-6  (Pig.  16-12)  the  lever  (finger/pin)  9  is 
leading,  lever  10  perforas  the  role  of  connecting  rod,  and  lever 
(sector)  6  is  the  driven/known  coaponent/link;  in  linkage  5-3-4  lever 
5  is  leading,  thrust/rod  by  3  perforas  the  role  of  connecting  rod, 
and  lever  4  is  leading. 
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In  Pig.  16-11  and  16-12  by  solid  lines  is  sacked  the  position  of 
levers  with  the  connected  disconnector,  but  by  dotted  lines  -  with 
off  disconnector.  Bifleaan/pointers  showed  the  direction  of  rotation 
of  levers  with  the  cutoff/disconnection  of  the  disconnector  when 
handle  1  they  turn  downward  at  an  angle  of  of  150°.  To  the  sane  angle 
is  turned  finger/pin  9;  sector  6  with  lever  5,  and  also  lever  4  they 
are  turned  at  an  angle  of  of  90°. 

In  the  connected  position  of  disconnector  the  angle  between 
lever  4  and  connecting  rod  1  is  close  to  90°,  thanks  to  which  the 
aonent/torgue  on  the  shaft  of  disconnector  at  the  end  of  the  process 
of  the  inclusion  or  in  the  beginning  of  the  process  ,f 
cutoff /disconnection  has  value,  close  to  naxiaua. 
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In  the  saae  position  of  disconnector  leading  levers  9  and  5  and 
corresponding  to  the  a  connecting  rods  10  and  3  are  located  in 
position*  close  to  dead  (levers  9  and  10  even  will  begin  to  fall  to 
dead  center).  Therefore  is  eliainated  the  possibility  of  displacing 
of  levers  and  cutoff /disconnection  of  disconnector  under  the  action 
of  the  appearing  aith  course  short-circuit  current  of  the 
electrodynaaic  effort/force*  which  strives  to  disconnect  the  knife  of 
disconnector. 

In  aain  bearing  7  is  a  trip*  which  locks  drive  in  its  end 
positions. 

Openings/apertures  in  sector  6  are  necessary  for  selecting  the 
necessary  position  of  lever  5  with  the  realization  of  transaission 
froa  drive  to  disconnector. 

In  the  diagraa  of  Tig.  16-12  direction  of  rotation  of  leading 
coaponeat/liak  9  (clock visa)  and  drivan/knowa  6  (counter  clockwise) 
are  onposite.  "his  trars*nissi  on  syster  is  mainly  used  when  the 
disenoayerent  sha**t  in  nlaced  above  drive  ax1. e 
disen^ar'e^ent  sha^t  03  is  located  at  the  save  he*  '■’tit  as  axle  o*> 
or  below  it,  the  rear  drive  bearinr  S  is  turned,  as  a  resalt  of  what 
coapoaenta/liaks  9  sad  6  drives  rotate  already  in  one  direction 
(clockwise)  . 

Pig.  16-11  shows  the  setting  of  blockiag  contacts  of  the  type 
KSh.  Xa  the  case  of  contacts  are  several  pairs  (froa  2  to  12)  of 
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dx«d  co*  tacts  sad  the  IUI  master  of  taraod  coat  acts,  attached  oa 
geaeral/c ©aeon /total  cylinder.  Oa  the  end  of  the  latter  is  rocker 
shaft  ara  12,  connected  with  steel  thrast/rod  by  11  with  the  handle 
of  1  drives.  Simultaneously  with  the  rotation  of  handle  1  rotates 
cylinder  KSi,  as  a  result  of  which  occurs  the  closing/shorting  and 
interrupting  its  fixed  contacts.  These  contacts,  which  are  usually 
called  blocking-signal  or  blocking  contacts,  utilize  in  the  diagraas 
of  signaling,  autoaation,  etc.  In  the  fora  of  an  exaaple  Fig.  16-13 
shows  the  use  of  blocking  contacts  BK  for  the  signaling  of  the 
position  of  tripolar  disconnector  with  the  aid  of  two  tubes  (for 
greater  detail,  see  Vol.  2,  chapter  16) . 

Blocking  contacts  are  established  out  of  cubicles  so  that  they 
would  be  open-door  without  stress  relieving  with  disconnector  and 
adjacent  electrical  eguipaent  (Fig.  16-11),  in  this  case  wiring 
secondary  circuits  is  obtained  aore  siaply,  shorter  and  is  placed  out 


of  cubicle 
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Pig.  16-13.  lli)CU  of  ths  signaling  of  the  position  of  disconnector 
with  the  aid  of  tabes. 

Key:  (1).  ok.  (2).  Off. 


Pig.  16-14.  Control  of  tripolar  diocomsoctor  of  typo  IVK-10/3000  with 
the  aid  of  aanaal  wore  gear  of  type  PCh-50. 


Key:  (1).  Proa.  (2).  to 
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Hanual  vori  gears  (fig.  16-14)  are  applied  for  control  of  heavy 
disconnectors,  for  exanple  by  disconnectors  for  internal  setting  to 
rated  currents  3  kA  and  sore. 

On  the  axis  of  6  tall  bearings  of  5  drives  is  sounted  worn  gear 
4,  engaged  with  worn  3  at  shaft  butt  end  of  2  handles  1.  At  the 
end/lead  of  the  sane  axis  is  sounted  lever  7,  hinged  connected  with 
plank  8.  The  latter  with  the  aid  of  two  clanps  9  is  rigidly  connected 
with  thrust/rod  by  10  (gas  tube),  which  with  the  aid  of  bent  plug  11 
is  hinged  connected  with  rocker  shaft  am  by  12  on  the  shaft  of  13 
disconnectors. 

The  rotation  of  handle  1  by  neans  of  worn  3  is  transnitted  to 
worn  gear  4.  Por  cutoff /disconnection  or  including  the  disconnector 
it  is  necessary  to  turn  worn  gear  4,  and  together  with  it  and  lever  7 
to  angle  of  180°.  Upon  the  inclusion/connection  of  disconnector 
handle  1  they  revolve  clockwise,  while  with  cutoff/disconnection  - 
vice  versa. 

Electric-notor  drives  are  applied  if  necessary  for  renote 
control  of  disconnectors  fron  control  board.  They  are  considerably 
aore  conplicated  and  noce  expensive  than  hand  drives;  therefore  the^ 
are  applied  aainly  for  control  of  the  very  heavy  tripolar 
disconnectors  of  the  internal  installation  (usually  on  3  kA  and  nore) 
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and  of  the  disconnectors  of  external  installation  by  voltage  110  kV 
and  above. 


Fig.  16-15  shows  the  installation  of  electric- notor  drive  1  for 
control  of  a  tri polar  disconnector  of  the  type  BVK  on  20  kV  and  5  kk. 
Pros  the  shaft  of  electric  notor  the  notion  is  transnitted  through 
gears  and  worn  to  worn  gear  2  (it  is  shown  by  the  dotted  line),  on 
shaft  of  which  is  established/installed  rocker  shaft  arn  3.  The 
latter  with  the  aid  of  thrust/rod  by  4  is  connected  with  rocker  shaft 
arn  by  5  on  the  shaft  of  the  disconnector 

(structurally/construct urally  transnitted  fron  the  shaft  of  worn  gear 
to  the  shaft  of  disconnector  is  carried  out.  just  as  in  the  worn  gear 
-  see  Fig.  16-14). 


The  process/operations  of  inclusion/connection  and 
cutoff/disconnection  are  conducted  by  the  rotation  of  engine  in  one 
direction;  in  this  case  rocker  shaft  arn  3  for  the  conpletion  of  each 
process/operation  is  turned  on  160°.  Electric  notor  is  disconnected 
autonatically  by  interrupting  by  a  special  blocking  contact  of  the 
circuit  of  the  elect ronagnet  of  the  internediate  contactor,  through 
which  is  supplied  the  engine  (Fig.  16-16). 


In  the  case  of  the  daaage  of  electric  notor  the  disconnector  can 
be  switched  on  and  disconnected  with  the  aid  of  free  handle. 
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Electric-aotor  drive  supply  with  the  electric  eotor  of  direct  or 
alternating  current  in  power  0.32-1  ki  and  voltage  110-380  V. 

The  scheaatic  diagraa  of  control  of  electric-eotor  drive  is 
given  in  Pig.  16-16,  where  the  aecnanical  feature  of  the  drive  is 
shown  conditionally.  It  is  assuaed  that  upon  inclusion/connection  the 
lever  BB  is  noved  to  the  right,  and  with  cutoff/disconnection  -  to 
the  left.  Engine  in  both  cases  rotates  to  one  side.  Diagraa  is 
supplied  froa  the  storage  battery  through  the  busses  of  control  shO, 
laid  on  control  board,  and  busses  of  the  inclusion  ShV,  laid  in 
distributor  near  the  site  of  installation  of  the  drive  of 
disconnector. 

For  control  of  the  electric  aotor  of  drive  apply  pushbutton  or 
rotary  keys/wrenches  the  controls.  In  the  diagraa  of  Fig.  16-16  for 
the  purpose  of  siaplif ication  is  shown  the  siaplest  key /wrench  of  the 
control  K0,  which  consists  of  two  noraally  extended  knobs/buttons 
with  spring  self-reset  -  knob/button  of  inclusion/connection  V  and 
knob/button  of  cutof f /disconnection  0. 


Disconnector  in  the  diagraa  is  shown  in  off  position 
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Pig.  16-15.  Control  of  a  tri polar  disconnector  of  the  type 
BfK-20/5000  with  the  aid  of  electric- wot  or  drive  of  the  type  HRV. 

Key:  (1).  Direction  of  rotation. 


Pig.  16-16*  Schematic  diagraa  of  control  of  disconnector  with  the  aid 
of  electric-notor  drive. 


Key:  (1).  Distributor.  (2) .  Sheet  robber  of  control 


DOC  *  79134816 


FAGS 


Page  248. 

Upon  the  rsaote  switching  of  disconnector  by  knob/batton  v  they 
close  the  circuit:  plus  shu-p-1  -  blocking  contacts  of  1  drives  of 
switch  -  contacts  of  knob/button  V  -  block  contacts  3  of  drive  of 
disconnector  -  the  holding  nagnet  of  contactor  KP  -  blocking  contacts 
KB  of  the  electric-aotor  drive  of  disconnector  -  P-1  -  ainus  of  Shu. 
Is  included  contactor  KP  and  are  sinnltaneonsly  closed  its  contacts  4 
and  5.  Auxiliary  contacts  5  serve  for  guaranteeing  the  prolonged  feed 
of  electroaagnet  KP,  since  blocking  contacts  3  are  broken  in  the 
beginning  of  the  course  of  including  the  disconnector  when  the  engine 
of  drive  still  nust  work  (current  circuit:  plus  of  Shu  -  p-1  - 
contacts  5  -  electroaagnet  KP  -  blocking  contacts  KB  -  P-1  -  ainus  of 
ShU) . 


Toward  the  end  of  the  course  of  inclusion/ connection  (with 
certain  lead/advance)  the  lever  BB,  being  aoved  to  the  right,  breaks 
contact  KB,  after  which  is  disconnected  the  contactor  KP  and  is 
terainated  the  feed  of  the  electric  aotor  of  drive.  Engine, 
continuing  to  rotate  on  inertia,  presses  hose  the  knives  of 
disconnector.  In  the  connected  position  blocking  contacts  3  are 
extended,  and  2  -  are  closed.  Contacts  KB  have  return  spring: 
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therefore  they  will  be  locked;  in  this  position  the  lever  BB  is 
located  to  the  right  of  contacts  KB  (indicated  b;  dotted  line 
position  RB*). 

For  the  cntoff/disconnection  of  disconnector  by  the  knob/button 
of  key/wrench  0  they  close  the  circuit  of  the  electroaagnet  kp,  which 
switches  on  the  feed  of  electric  aotor.  Toward  the  end  of  the  course 
of  the  cutoff/disconnectioa  of  disconnector  the  lever  BB,  being  noved 
to  the  left  (fron  position  BB*),  breaks  contact  KB,  after  which  is 
disconnected  KP  and  ceases  the  feed  of  electric  notor.  The  latter, 
continuing  a  little  to  rotate  on  inertia,  leads  the  knives  of 
disconnector  to  end  position. 

Should  be  eaphasized  the  iaportance  of  the  correct  control  of 
the  nonent/torgue  of  interrupting  the  blocking  contacts  KB  of  drive. 
It  is  necessary  that  they  would  be  broken  with  such  lead/advance  with 
which  the  engine,  rotating  on  inertia,  would  provide 
full/total/coaplete  cutting  or  thinning  of  the  knives  of 
disconnector. 

In  the  case  of  the  late  interrupting  of  contacts  KB  with  the 
cutof f/disconnection  of  disconnector  its  knives  will  prove  to  be 
inconpletely  dilute,  and  upon  rnclusion/connection  -  by  incoapletely 
thrown  in.  The  latter  can  lead  to  their  dangerous  overheating  in 
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farther  work. 

Blocking  control  circuit  through  the  blocking  contacts  of  1* 
drives  of  switch  pursues  the  target  of  avoiding  inc Iasi on/connection 
or  catoff /disconnect ion  of  disconnector  with  the  connected  switch. 

The  signaling  of  the  position  of  disconnector  in  the  diagran  of 
Pig.  16-16  is  not  shown. 

The  pneanatic  drives,  which  work  in  the  conpressed  air,  are 
applied  for  renote  control  of  any  disconnectors.  Construction/design 
their  very  is  siaple  and  reliable.  The  principle  of  the 
device/eguipnent  of  the  pneunatic  drive  is  shown  in  Pig.  16-17. 


i 
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Fig.  16-17.  Schematic  diagraa  of  the  device/egnipaent  of  the 
poeaaatic  drive  to  disconnector. 


1  -  cylinder  of  the  drive;  2  -  pistons,  rigidly  connected  with  each 
other;  1  -  rack,  aoving  uxth  piston  stroke;  4  -  gear,  engaged  with 
the  rack;  5  -  rocker  shaft  ara  on  the  axis  of  teeth  (out  of  cylinder 
1)  ;  6  -  thrust/rod/  7  -  rocker  shaft  ara  of  the  disconnector;  8  - 
conduits/nanifolds;  9  -  valves;  10  -  knob/button  for  the  aanual 
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operations;  11  -  electromagnets  for  the  remote  process/operations;  12 
-  filter;  13  -  condait/aenif old  from  blowing  plant. 

Key:  (1).  Off.  (2). 
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Chapter  seventeen. 

HIGH-TOLT1GE  SWITCHES. 

17-1.  Technical  characteristics.  Types. 

Switches  by  voltage  are  above  1000  V  (farther  high-voltage) , 
intended  for  inclusion/connection  and  cutoff /disconnection  of  the 
electrical  circuits  of  high  load  stress  and  also  for  their 
cutoff /disconnection  during  short  circuits  nust  possess  the 
sufficient  cutoff  ability,  least  possible  by  tine  actions,  by  high 
reliability  of  operation.  They  nust  be  explosion-  and 
flaue-resistant,  staple  by  construction/ design  and  they  are 
convenient  in  the  operation;  sizes/dinensions,  weight  and  their 
cost/value  eust  be  possibly  less.  Switch  eust  aaintain/withstand  the 
established/installed  by  noras  nuaber  of  process/operations  without 
the  need  of  controlling  of  its  aechanisa  or  replaceaent  of  its 
separate  parts. 

The  fundaaental  paraaeters  of  high-voltage  switches  as  other 
electrical  devices,  are  noainal  voltage,  great  working  voltage  and 


DOC  =  79134816 


PAfiB  <}§(/ 


rated  current.  Furthermore,  high-voltage  switches  are  characterized 
by  the  rated  current  (nosinai  power)  of  cutoff/disconnection  and  by 
the  rated  current  of  inclusioa/connection. 

The  rated  current  of  cutoff/disconnection  /or(KM  characterizes 
discounectiug  ability  of  switch.  This  is  that  aaxiaaa  current  which 
switch  can  reliably  disconnect  with  the  voltage,  equal  to  its  noainal 
voltage,  without  any  daaages  or  strains,  which  block  its  farther 
exact  work;  in  this  case  in  the  oil  breakers  aust  not  be  of  excessive 
oil  throwing  frou  gas  vents,  but  in  gas  switches  -  flareback  beyond 
the  Units,  indicated  by  plant. 

In  operation  cases  occur,  when  switch  to  two-three  tines  is 
included  to  the  existing  in  network/grid  short  circuit  with  the 
subsequent  autonatic  cutoff/disconnection.  Based  on  this,  the  rated 
current  of  the  cutoff/disconnection  of  switch  defines  experinentally 
as  that  aaxiaua  current  of  three-phase  short  circuit  with  which  the 
switch  aaintains/withstands  the  following  cycle  of 
process/operations,  estahiished/installed  by  GOST  [All-union  State 
Standard]  687-41  to  the  high-voltage  switches: 

0—180—  BO— 180  —  BO,  (17-1) 

where  o  -  designates  the  peaces s/o per at ion  of  aetoaatic 
cutoff/disconnection  by  the  switch  of  short-circuit  current  (froa  the 
connected  position)  with  relaying  without  tine  eleaent; 
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VO  -  designates  the  process/operation  of  inclusion/connection  to 
short  circuit  of  off  position  and  the  iaeediately  following  after  it 
(without  tine  eleaent)  process/operation  of  the  cutoff/disconnection; 

180  -  designate  tiae  interval  180  s  between  consecutive 
process/operations. 

The  value  of  the  rated  current  of  the  cutoff /disconnect ion  of 
switch  deteraines  in  essence  the  construction/design  of  its 
arc~suppression  device/eguipaent. 

The  aaziaua  current  winch  switch  can  reliably  disconnect  under 
the  sane  conditions,  but  with  the  voltage,  different  froa  its  noainal 
voltage,  call  current  the  cutoffs/disconnections  of  switch  /„„• 

The  liaiting  current  of  the  cutoff /disconnection  of  switch  is 
called  the  great  value  of  its  current  of  cutoff/disconnection  with 
certain  subnoraal  voltage. 

The  disconnecting  ability  of  switch  they  characterize  also  by 
the  noninal  power  of  the  cutoff/disconnection: 
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and  with  th«  voltage,  different  fron  the  noninal  voltage  of  switch, 
by  the  power  of  the  cnteff /disconnection : 

(i7-3> 

Since  the  inclusion  of  switch  is  possible  to  the  existing  in 
network/grid  short  circuit,  then  for  switches  is 

established/installed  also  the  specific  value  of  the  rated  current  of 
the  start,  ender  which  is  understood  that  greatest  short-circuit 
current,  which  switch,  can  reliably  include/connect  with  noninal 
voltage  without  the  sticking  of  contacts  and  without  any  other  the 
danages,  which  block  its  further  exact  work. 

The  value  of  the  rated  current  of  the  start  of  switch  is 
deternined  by  the  const ruction/ design  of  the  contacts  of  switch  and 
by  the  driving  power,  employee  for  its  start. 

In  chapter  6  it  was  indicated  the  isportance  of  the  rapid 
cutoffs/disconnections  of  short  circuits  in  powerful/thick  power 
systens,  which  is  possible  only  with  the  short  tripping  tine  of 
switches.  The  tripping  tine  of  switch  with  drive  is  deternined  by 
tine  interval  fron  the  closing  a  circuit  of  the  disconnecting 
electronagnet  of  drive  (fron  cycling  on  cutoff/disconnection)  to 
final  arc  extinction  in  all  phases  of  switch. 
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The  tripping  tiee  of  switch  /,  coeeiete  of  the  proper  tine  of 
the  cotoff/disconnection  of  switch  with  dries  <c.,.  eg  eel  to  tine  froe 
the  eowent/torgne  of  the  closing  a  circuit  of  the  disconnecting 
electronagnet  drive  to  the  beginning  of  the  disagreenent  of  the 
arcing  contacts  of  switch*  and  the  tine  of  extinction  of  arc  in 
switch  tA,  i.e. 

Low-speed  switches  have  proper  tine  of  the  cntoff/disconnection 
of  approxinately/exenplarily  0*1-0.15  s,  and  tripping  tine  0.15-0.25 
s;  quick- break  switches  have  the  proper  tine  of  the 
cntoff/disconnection  of  order  0.03-0.05  s,  and  tripping  tine 
0.  05—0.  08  s. 

High-voltage  switches,  as  all  other  electrical  devices,  aust  be 
electrodynanically  and  thernostable  with  the  greatest  possible  in 
this  installation  short-circuit  currents  (for  greater  detail,  see 
chapter  21).  Xn  the  case  of  insufficient  stability  are  possible  the 
danages  of  the  individual  parts  of  the  switch  as  a  result  of  the 
excessive  forces  of  interaction  between  current-carrying  parts  and 
the  inadnissible  heating  of  the  latter;  possibly  also  welding 


contacts 
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87  kind  of  installation  distinguish  switches  for  internal  and 
external  installations. 

On  the  kind  of  the  arc-arresting  nedius  all  high-voltage 
switches  can  be  subdivided  into  two  basic  groups;  1)  liquid  switches 
-  oil  and  water  and  2)  gas  switches  -  auto-gas  (with  solid 
gas-generating  aaterial),  air  (with  the  coapressed  air) ,  etc. 

Host  widely  used  and  aost  diverse  in  design  are  the  oil  breakers 
which  in  turn,  can  be  subdivided  into:  1)  oil  bulk-oil  breakers 
(nulti-voluaetric  or  tank)  and  2)  oil  breakers  with  snail  space  of 
oil  (snail  voluae)  . 

In  the  first  oil  (transforaer)  is  utilized  for  the  extinction  of 
the  electric  arc,  which  appears  between  contacts  with 
cutoff /disconnection,  and  for  the  insulation  of  current-carrying 
parts  of  each  other  and  of  the  grounded  tank.  The  secondly  oil  is 
utilized  only  for  the  extinction  of  nonsense,  and  the  insulation  of 
current-carrying  parts  is  realized  with  the  aid  of  air  and  ceraaic  or 
organic  insulation. 

The  water  switches,  in  which  for  an  arc  extinction  is  utilized 
the  water,  are  structurally/constr ucturally  siailar  to  snail  volune 
oil  breakers.  As  a  result  of  the  nuaber  of  the  inherent  in  then 
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deficiencies/lacks,  fundamental  of  which  are  the  volatility  of  water, 
the  higher  in  coaparison  with  oil  freexing  point  of  water,  which 
iepedes  the  nse  of  water  switches  in  anheated  areas  and  in  the  open 
air  (daring  addition  to  water  of  glycerin  or  ethylene  glycol  the 
freexing  point  of  water  coaposes  ainus  15  -  ainus  25°  C) ,  and 
difficulty  in  the  achieveaent  of  the  proper  insulation  with  voltage 
is  aore  than  35  kV,  water  switches  with  Soviet  plants  are  not 
aanufactured  and  therefore  further  they  are  not  exaained. 

In  gas  switches  the  insulation  of  current-carrying  parts  of  each 
other  and  of  the  grounded  eleaents  of  the  construction/design  of 
switch  is  fulfilled  with  the  aid  of  air  and  different  ceraaic  and 
organic  insulation. 

In  special  group  aust  be  isolated  the  so-called  switches  of 
load,  intended  for  the  cutoff /disconnect ion  only  of  the  currents  of 
load  and  not  intended  for  the  cutoff/disconnection  of  short-circuit 
currents.  In  these  switches  can  be  used  different  arc-suppression 
devices/eguipaent. 

Soviet  plants  aanufacture  the  switches  of  load  with  explosion 
chaabers  with  solid  gas- generating  substance. 

17-2.  Oil  bulk-oil  breakers. 
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General  infornatioa.  Oatil  recently  aulti-voluaetric  oil 
breakers  were  aost  widely  used  on  the  operating  electrical  devices. 
However,  as  a  result  of  the  inherent  in  then  essential 
deficiencies/lacks,  about  which  it  is  shown  below,  latter/last  tine 
they  to  a  considerable  degree  are  displaced  by  the  nore  advanced 
saall  voluae  oil  breakers  and  switches  gas. 

Hulti-voluwetric  oil  breakers  subdivide  into  switches  froa 
switches  with  siaple  (free)  disruption  arcs  in  oil  (without 
arc-suppression  chaabe rs/caneras)  and  to  switches  with  the 
arc-suppression  chanbers/caaeras,  which  accelerate  arc  extinction  and 
which  increase  the  disconnecting  ability  of  switch. 

Basic  parts  of  aulti-voluaetric  oil  breaker  they  are  (Pig. 

17-1)  :  tank  1,  filled  to  certain  oil  level  25,  cover/cap  9,  wall 
entrance  insulators  8,  drive  aechanisa  16-23  contacts  13-14.  For  the 
purpose  of  providing  safety  of  aaintenance /servicing  aetallic  tank 
and  cover/cap  of  switch  ground. 

Page  251. 


In  aulti-voluaetric  oil  breakers  by  voltage  not  higher  than  10 
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k¥  all  three  phases  aca  placed  in  one  tank  (one-tank  switches),  which 
has  rectangular  (Pig.  17-1)  or  circular  (Pig.  17-2)  fora.  Sore 
durable  are  round  tanks  with  spherical  bottoas. 

In  switches  with  voltages  15  kV  and  higher  each  phase  it  is 
placed  in  the  separate  tank  (three-tank  switches)  of  circular  (Pig. 
17-9)  or  oval  (Pig.  17-6)  fora.  In  recent  rears  to  the  tanks  of 
switches  to  very  high  voltages  freguently  is  given  elliptical  or 
lens-shaped  fora  (Pig.  17- 11) how  are  reached  the  considerable 
decrease  of  overall  sizes,  space  oris  and  weight  of  switches.  In  all 
cases  the  tanks  are  welded  aade  of  boiler  steel. 

The  internal  surface  of  tank  is  insulated  by  one  or  several 
layers  of  plywood  or  insulating  cardboard  (2  in  Pig.  17-1)  for 
warning/preventing  the  overlap  froa  contacts  to  tank.  In  one-tank 
switches,  furtheraore,  are  fulfilled  interphase  partitions  for  the 
aore  reliable  insulation  of  phases. 

Tank  is  supplied  with  oil-level  gauge,  usually  in  the  fora  of 
glass  tube  with  3,  by  oil-flow  tap/crane  26  by  plug  7  for  the 
additional  filling  of  oil. 

On  the  internal  surface  of  the  cover/cap  of  switch  are  fastened 
aotionless  parts  of  it  of  the  drive  aechanisa:  shaft  bearings  23, 
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guides  19,  etc. 

The  covers/caps  of  snitches  to  voltages  to  35  kV  inclusively 
cast  theeselves  froe  cast  iron.  In  the  large  rated  current  of  switch 
the  cover/cap  can  be  heated  considerably  by  eddy  currents,  also,  as  a 
result  of  hysteresis.  For  eliainatmg  this  the  covers/caps  of  such 
switches  cast  theeselves  froe  non-aagnetic  cast  iron. 

Switch  tanks  to  35  dv  inclusively  are  suspended  to  bolted  caps 
or  pies  6,  passed  into  openings/apertures  in  the  inflows/bosses  of  5 
covers/caps  and  in  lugs  4,  welded  to  Baku  (Fig.  17-1).  In  cover/cap 
there  is  a  deepening  with  packing  layer,  into  which  enters  the  upper 
edge  of  tank. 

Switches  to  35  kV  inclusively  are  suspended  in  distributors  on 
eetal  constructions  (Fig.  17-6) .  For  this  on  covers/caps  there  are 
inflows/bosses  with  bolt  holes  (Fig.  17-2).  The  height  of  the 
installation  of  these  switches  aust  be  such  that  with  the  onitted 
tank  would  be  provided  access  to  contacts.  For  lift  and  settling  of 
tank  with  oil  these  switches  have  a  special  lift  lever/crank 
device/equipnent  or  a  hoist  with  cables. 

Heavy  aulti-voluaetric  oil  breakers  by  voltages  110  kV  and 
higher  are  installed  in  foundations.  The  tank  of  this  switc’  they 
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attach  to  bed  by  the  bolts,  passed  through  the  special  feet,  welded 
to  the  lower  part  of  the  tank  (Fig.  17-4).  The  covers/caps  of 
■ulti-volusetric  switches  on  110  k¥  and  higher  are  welded  aade  of 
boiler  steel  and  are  welded  on  to  the  upper  edge  of  tank.  For 
penetration  inside  tank  (after  oil  drain)  is  provided  for  the  hatch 
(access)  in  the  wall  of  tank  (Fig.  17-8)  or  in  its  cover/cap. 


L  . 
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Fig.  17-1.  Sckeaatic  outline  of  oil  bulk-oil  breaker  without 
arc-suppression  chaabers/caaeras. 

Page  252. 

The  covers/caps  of  switches  have  spherical  fora.  Rail  entrance 
insulators  are  established/installed  inclined  with  purpose  of  an 
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increase  of  the  distance  between  current-carrying  parts  in  air. 
Insulators  are  secured  in  cover/cap  with  the  aid  of  collars  and  bolts 
without  the  use/application  of  the  ceaenting  aaterials. 

Vail  entrance  insulators  of  switches  to  10  kv  inclusively 
porcelain  (Fig.  17-2) .  In  wall  entrance  insulators  of  switches  on  35 
kV  (Fig.  17-14)  all  over  length  of  the  current-carrying  rod  is 
super inposed  laninar  bakelite  insulation.  The  exterior  of  the 
insulator  is  equipped  with  the  porcelain  cover  whose  internal  cavity 
is  filled  with  insulating  coapound.  Switches  on  110  kV  higher  have 
oil-filled  wall  entrance  insulators  with  the  condenser/capacitor 
bakelite  insulation  of  the  current-carrying  rod  (copper  tube).  At  the 
external  end/lead  of  this  insulator  is  a  glass  expander  (Fig.  17-4) , 
which  perforas  also  the  role  of  oil-level  gauge.  The  internal 
cavities  of  wall  entrance  insulator  and  tank  between  thenselves  are 
not  coaaunicated. 

All  aulti-voluaetric  oil  breakers  by  voltages  35  kv  and  higher 
have  built-in  current  transf oraers.  Cores  with  secondary  windings  are 
put  on  to  the  internal  part  of  wall  entrance  insulator  and  are 
fastened/strengthened  under  the  cover/cap  of  switch  (Fig.  17-4).  As 
priaary  winding  serves  the  current-carrying  rod  of  wall  entrance 
insulator  (see  also  §19-3). 
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Since  oil  in  aulti-voluaetnc  oil  breakers  serves  not  only  for 
an  arc  extinction,  but  also  for  the  insulation  of  current-carrying 
parts,  then  to  it  present  very  stringent  requireaeats  both  in  the 
relation  to  dielectric  strength  and  in  the  relation  to  any 
adaixtures/iapurities,  adversely  affecting  the  insulation  and  the 
current-carrying  parts.  Since  in  the  process  of  operation  oil  is 
soiled  and  is  aoistened,  its  quality  should  be  systeaat ically  checked 
via  sanpling  for  testing.  Oil,  which  does  not  satisfy  the 
requireaents  of  noras,  they  clean  or  replace  by  fresher. 

The  large  space  of  oil  in  these  switches  leads  to  the  need  for 
having  in  operation  the  large  reserves  of  fresh  oil  and 
device/equipaent  for  cleaning/purification  of  decanted  froa  switches 
oil. 


Nulti-voluaetric  switches  have  considerable  weight  and  overall 
sizes.  So,  the  total  weight  of  three  phases,  aanufactured  at  present 
with  the  Soviet  plants  of  aulti- voluaetr ic  oil  breakers  on  110  kv,  is 

18.3  t  with  the  weight  of  oil  8.5  t,  and  the  weight  of  switch  220  k¥ 

-  90  t  with  the  weight  of  oil  48  t. 

Control  of  oil  breakers,  i.e.  start  and  their 

cutoff/disconnection,  is  conducted  by  the  special  drives,  exaained  in 
chapter  18.  * 
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Hulti-volunetric  oil  breakers  with  the  siwple  (free)  disruption 
of  arc  in  oil  (without  arc-suppression  chawbers/caaeras) .  Pig.  17-1 
gives  the  scheaatic  outline  of  cross  section  on  one  phase  of  this 
aulti-volunetric  oil  breaker.  Switch  is  shown  during 
cutoff /disconnection. 

Fixed  contacts  13  are  fastened/strengthened  to  the  butt  ends  of 
the  current-carrying  rods  of  wail  entrance  insulators  8.  The  slide 
contacts  of  14  two  disruptions  of  the  phase  of  switch  are 
established/installed  on  current-carrying  contact  crosshead  15,  which 
using  rod  16  of  insulation  (bakelite,  tree/wood)  is 
fastened/strengthened  to  aetaliic  crosshead  17.  To  the  latter  are 
fastened/strengthened  the  contact  pole  arns  of  all  three  phases  of 
switch;  therefore  during  the  notion  of  crosshead  17  upward  or 
downward  together  with  it  in  the  sane  direction  are  noved  contact 
pole  arns  15  and  slide  contacts  of  14  three  phases  of  switch. 

The  rotary  notion  of  shaft  21  is  converted  into  rectilinear 
notion  of  slide  contacts  with  the  aid  of  crank-connecting  rod 
nechanisa,  which  consists  of  fastened/strengthened  to  lever  shaft  22 
and  hinged  connected  with  it  connecting  rod  21.  The  latter  in  turn, 
is  hinged  connected  with  aetaliic  thrust/rod  20,  aoving  in  guides  19, 
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at  butt  end  of  which  it  i a  attached  pole  are  17.  On  thrust /rod  20  is 
pot  on  disconnecting  spring  18. 

For  start  and  cutof f/disconnection  of  switch  serves  drive  27 
whose  shaft  with  tae  aid  of  two  half-couplings  28  is  connected  with 
the  shaft  of  switch  23.  Upon  start  the  drive  tarns  the  shaft  of 
switch  clockwise,  also,  with  the  aid  of  the  crank  nechanisn  21  and  22 
and  thrust/rod  20  of  crosshead  17  together  with  slide  contacts  are 
noved  upward  -  contacts  13  and  14  are  closed.  Disconnecting  spring  18 
is  presssed.  In  the  connected  position  the  switch  is  held  by  locking 
actuator. 

With  the  cutoff /disconnection  of  switch  by  hand  or  with  the  aid 
of  the  disconnecting  electrosagnet  they  act  on  locking  actuator  which 
frees/releases  the  lovable  systei  of  switch  (shaft  23),  after  which 
under  the  action  of  the  disconnecting  spring  18  crosshead  with  slide 
contacts  are  noved  downward  -  contacts  13  and  14  diverge.  To 
cutof f/disconnection  it  contributes  the  dead  weight  of  slide  contacts 
and  pole  aras. 

Page  253. 

Thus,  the  rate  of  the  disagreement  of  the  contacts  of  switch  does  not 
depend  on  the  constructicn/design  of  drive  and  action  of  person,  who 
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disco  onsets  switch. 

Mith  the  cutoff /disconnect ion  between  eowable  and  fixed  contacts 
appears  arc  24.  Since  tc  each  phase  there  are  two  pairs  of  contacts, 
then  arc  appears  siaultaneously  in  two  places  -  appear  two 
consecutive  arcs  to  phase. 

Oil  25  near  arc  under  the  action  of  its  high  tenperature 
evaporates  and  is  decon posed/expanded  into  coaposite/coapound 
coaponeat  parts,  in  conseguence  of  which  the  arc  proves  to  be 
surrounded  gases,  i.e.  it  burns  within  the  gas  pocket,  filled  with 
oil  vapors  (to  40o/o  of  space  of  nubble)  and  with  products  of  its 
decoa position,  which  contain  to  7©-80o/o  of  hydrogen. 

Initially  gases  are  foraed  around  arc  very  rapidly  (hundredth 
fractions  of  a  second)  .  in  conseguence  of  which  the  pressure  in  the 
gas  pocket  rapidly  grows  to  several  atnospheres.  and  it  can  reach 

i 

5-10  ata  (tech)  (^9-1]. 


This  pressure  is  transaitted  to  which  surrounds  bubble  oil.  and 
through  it  to  the  walls  and  to  the  bottoa  of  tank,  which  aust  be 
sufficiently  aechanically  durable.  If  switch  was  closed  heraetically 
and  above  the  oil  level  it  would  not  be  airspace,  then  with  the  onset 
of  arc  it  inevitably  would  explode.  Therefore  between  the  surface  of 
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oil  and  the  cower/cap  coapulsorily  is  left  not  filled  by  oil  buffet 
space  10,  which  has  coaaunication/report  with  the  surrounding  air 
through  gas  went  11  (space  of  buffer  space  coaposes  20-30o/o  of  tank 
wolune) . 

In  the  presence  of  buffer  space  in  proportion  to  the 
build-up/growth  of  the  gas  pockets  around  the  arcs  of  the  disruptions 
of  switch  oil  can  be  noted  upwards,  filling  buffer  space  and 
displacing  froa  it  air  outside  through  the  gas  went.  Therefore 
decreases  the  pressure,  transaitted  to  the  walls  and  the  bottoa  of 
tank. 


Thus,  in  oil  breaker  the  arcs  of  disruptions  burn  not  in  oil, 
but  in  the  gaseous  aediua,  which  contains  hydrogen.  The  latter,  as  is 
known  (chapter  13),  possesses  best  in  coaparison  with  other  gases 
arc-arresting  properties.  The  deionizing  ability  of  gases  is 
aaplified  because  of  elewated  pressure  in  the  gas  pocket. 

To  the  deionization  of  arc  to  a  considerable  degree  contributes 
the  eddy-like  flow  of  gases  within  bubble,  caused  by  gassing  on  the 
surface  of  the  latter,  with  the  large  disconnected  currents  the  gas 
foraation  and  the  intensity  of  the  eddy- like  flow  of  gases  are 
aaplified  both  as  a  result  of  the  higher  teaperature  of  arc  and  as  a 
result  of  the  fact  that  the  arcs  of  disruptions  are  bent  and  are 


DOC  *  79134816 


PAGE  Cf>J$ 


aoved  vithio  babbles  in  the  direction  of  the  walls  of  switch  tank 
(Fig.  17-1).  This  displaceaent/noveaent  of  arcs  occurs,  in  the  first 
place,  under  the  action  of  the  electrody naaic  repulsive  forces  of 
arcs  currents  of  both  disruptions  of  the  phase  (currents  have 
opposite  direction) ,  and,  in  the  second  place,  under  the  effect  of 
the  nass  of  the  steel  wall  of  tank,  to  which  pulls  the  arc,  about 
which  it  was  said  into  §13-2  (Fig.  13-7). 

During  the  notion  of  arc  within  the  gas  pocket  it  is  noved  fron 
the  nore  heated  region  of  bubble  in  that  less  heated;  the 
approxination/approach  of  arc  to  the  surface  of  bubble  aaplifies  the 
evaporation  of  oil,  and  towards  arc  intensely  are  rejected  all  new 
■asses  of  the  relatively  cold  and  unionized  gases,  which  deionize 
arc.  The  deionization  of  arc  is  aaplified  also  on  neasure  of 
deviation  of  the  contacts  of  switch. 

Is  aost  violently  the  process  of  deionization  proceeds  at  the 
nonents  of  arc  extinction  upon  transfer  of  the  current  through  the 
zero  value  when  power  supply  to  arc  gap  ceases  and  the  tenperature  of 
the  latter  rapidly  descends,  as  a  result  of  which  thernal  ionization 
in  arc  gap  ceases,  and  the  deionization  of  gases  sharply  is 
anplified. 

If  the  distance  between  contacts  is  snail,  then  it  is  possible 
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that  for  the  short  tiae  of  arc  extraction  with  the  passage  of  the 
current  through  zero  arc  gap  is  deionized  the  arc  into  the  following 
half-period  it  will  be  insufficiently  and  ignited  again  (§13-2). 

ire  does  not  repeatedly  ignite  only  if  at  the  subsequent  noaents 
of  tiae  after  its  extinction  at  current  zero  the  rate  of  an  increase 
in  dielectric  strength  of  gap/interval  reaains  always  of  wore  than 
voltage  recovery  rate  on  the  contacts  of  switch.  This  occurs  only 
with  specific  distance  between  the  contacts  of  switch,  which  depends 
on  its  type. 

Froa  the  aforesaid  it  follows  that  the  lifetiae  of  arc  in  switch 
depends  on  the  rate  of  the  disagreeaent  of  contacts,  in 
aulti-voluaetric  switches  the  average  speeds  are  2-4  a/s.  in  the 
siaplest  switches  in  question  the  arc  can  last  to  10-15  half-periods 
(0.  10-0.  15  s) . 

Page  254. 

As  a  result  of  prolonged  arcing  siailar  switches  are  low-speed  and 
cannot  disrupt  large  short-circuit  currents. 


By  an  increase  in  the  nuaber  of  places  of  disruption  in  the 
phase  (4-6  and  aore)  it  is  possible  at  the  saae  rate  of  the  aotion  of 
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contacts  to  achieve  larger  arc  length,  and  consequently,  the  decrease 
of  the  arcinq  tiae  and  increase  in  the  disconnecting  ability  of 
switch,  is  a  resnlt  of  the  considerable  conplication  of  contact 
systea  aultiple  break  was  not  widely  applied  in  aulti-voluaetric  oil 
breakers  with  the  siaple  disruption  of  arc  in  oil.  The  Soviet  plants 
of  such  switches  do  not  aanufacture. 

After  final  arc  extinction  the  gas  pocket  gradually  rises 
upwards  and  it  enters  into  buffer  space  under  the  cover/cap  of  switch 
(Fig.  17-1).  Since  hydrogen  in  aixture  with  ataospheric  oxygen  foras 
detonating  gas,  then  for  preventing  the  blast  of  the  latter  in  buffer 
space  is  necessary  that  gases,  passing  through  the  layer  of  oil  above 
the  contacts  of  switch,  would  have  tine  sufficiently  to  be  cooled. 
Furtheraore,  with  a  saall  layer  of  oil  above  contacts  are  a  danger  of 
breach/inrush  by  its  gases  of  bubble  in  the  process  of 
cutoff /disconnection,  which  also  can  be  the  reason  for  the  blast  of 
oil  breaker. 

It  was  above  indicated  that  in  the  process  of 
cutoff/disconnection,  in  proportion  to  the  develcpaent  of  the  gas 
pockets  around  the  arcs  of  disruptions,  oil  is  aoved  upwards,  filling 
buffer  space.  The  oil  level  in  switch  aust  be  such  that  with  the 
disruption  with  the  switch  of  the  established/installed  for  it 
current  of  cutoff/disconnect  ion  the  process  of  arc  extinction  and  the 
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lift  of  oil  woald  conclude  earlier  than  oil  Mill  fill  entire  the 
buffer  space.  Otheruise  after  the  displacenent  of  entire  air  froa 
buffer  space  the  pressure  in  ank  Mill  greatly  rapidly  groe  and  it 
can  explode.  In  order  to  avoid  this,  on  the  covers/caps  of  sone 
nulti-volunetric  oil  breakers  are  provided  for  energency  (protective) 
valves.  Kith  an  increase  of  the  pressure  in  svitch  tank  to  dangerous 
value  the  valve  is  opened/disclosed  and  oil  by  vide  jet  is  discharged 
fron  under  cover/cap  outside. 

Snail  svitches  frequently  have  the  siaple  protecting  device, 
shovn  in  Pig.  17-1.  In  this  case  to  coupling  bolts  6  are  put  on 
thin-valled  tubes  vith  1i  uhich  at  a  dangerous  pressure  in  tank  are 
nashed,  and  tank  is  onitted.  Through  the  forning  circular  gap  betveen 
the  cover/cap  and  the  tank  oil  is  discharged  outside. 

Thus,  the  blasts  of  suitches  are  possible  both  in  the  case  of 
abnornal  increase  and  in  tne  case  of  abnornal  lovering  in  the  oil 
level.  Therefore  in  the  process  of  operating  the  nulti-volunetric  oil 

breakers  it  is  necessary  to  very  thoroughly  follov  the  fact  so  that 

\ 

the  oil  level  in  tanks  Mould  not  differ  fron  by  rated. 

The  blasts  of  nulti-volunetric  oil  breakers  are  possible  also  as 
a  result  of  internal  overlaps  in  the  siiitch  betveen  phases  and 
betveen  phases  and  tank,  vhich  is  possible  vitb  the  poor  quality  of 
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oil  in  switch  (oil  aoisteaed  or  contaninated  by  the  products  of  its 
decoaposition  under  the  action  of  the  electric  arc  or  oxidation 
products  by  its  atnospheric  oxygen,  which  is  located  under  the 
cower/cap  of  switch  and,  etc.).  The  danger  of  the  overlaps  indicated 
increases  because  the  foraing  around  arcs  gas  pockets  are  filled  with 
partially  ionized  gases,  and  also  in  view  of  the 
approxination/approach  of  arcs  to  the  walls  of  tank.  For  the 
avoidance  of  the  overlaps  indicated,  besides  systenatic  careful 
quality  control  of  oil,  provide  for,  as  noted  earlier,  the  internal 
insulation  of  tanks  (2  in  Fig.  17-  1) ,  and  in  sone  switches  also  the 
partitions  between  phases. 

The  blast  of  nulti-volunetric  oil  breaker  is  accoapanied  by  the 
inflannation  of  oil.  If  are  not  accepted  the  neasures,  which  block 
the  spreading  of  burning  oil,  then  in  installation  appears  the  fire, 
which  is  capable  of  coapleteiy  deriving  it  froa  work.  The  spreading 
of  burning  oil  it  in  pedes  the  liquidation  of  eaergency.  The 
coabustion  of  oil  is  accoapanied  oy  the  isolation/liberation  of  an 
enornous  quantity  of  saoke  whose  deposition  on  insulators  can  cause 
the  overlap  between  phases  or  between  phases  and  grounded  netal 
constructions.  For  cleaning/purification  fron  fune  the  installation 
nust  be  long  brought  out  froa  work.  Therefore  during  the  installation 
of  an lti- container  of  oil  breakers  in  distributors  aust  be  carried 
out  the  definite  requireaents  of  fire  safety  (Vol.  2,  chapter  7-10). 
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Page  255. 

The  aforesaid  nakes  it  possible  to  draw  the  conclusion  that  the 
nulti-volunetric  oil  breakers  with  the  sinple  disruption  of  arc  in 
oil  are  insufficiently  ideal  both  as  a  result  of  the  duration  of  the 
arc  extinction  and  ability  to  disrupt  coaparati vely  snail 
short-circuit  current  and  as  a  result  of  the  fact  that  they  do  not 
satisfy  sufficiently  the  reguiresents  of  the  reliability  of  the  work 
of  electrical  devices,  safety  and  easy  servicing.  Therefore  in  recent 
years  of  then  they  apply  only  in  the  installations  of  snail  power  by 
voltage  not  nore  than  10  kV. 

Pig.  17-2  shows  the  nanufactured  at  present  with  Soviet  plants 
oil  bulk-oil  breaker  of  the  type  VHB-10  (switch  oil  tank)  to  noninal 
voltage  10  kV  and  noninal  power  of  cutoff/disconnection  100  HVA. 
Switch  has  round  tank  with  spnerical  botton.  Inside  tank  is 
isolated/insulated  by  insulating  cardboard.  The  partitions  between 
phases  are  nade  also  fron  insulating  cardboard  (in  Pig.  17-2  they  are 
not  shown).  Contacts  end-type  point.  Pixed  contacts  1  are  carried  out 
in  the  fora  of  the  aassive  copper  blocks,  screwed  on  ends  of  the 
current-carrying  rods  of  wall  entrance  insulators,  slide  contacts  2 
are  carried  out  spherical  and  are  screwed  on  to  the  copper  busbar. 
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which  rests  on  the  steel  crosshead  4  of  box  section.  Pressure  in 
contact  create  springs  S. 

Hulti-voluaetric  oil  breaker s  with  arc- suppression 
chaebers/caaeras.  The  use/application  of  arc-suppression 
chaebers/caaeras  accelerates  arc  extinction  and  reduces  pressure  in 
the  tank  of  oil  breaker,  in  conseguence  of  which  increases  its 
disconnecting  ability  and  reliability  of  operation. 

In  all  conteaporary  arc-arresting  devices/equipaent  of  oil 
breakers  in  this  or  another  fora  is  utilized  the  gas  blast,  which 
ensures  intense  and  rapid  arc  extinction. 

Principle  of  device/equipaent  and  fundaaental  parts  of  oil 
breakers  with  arc-suppression  chaabers/caaeras  in  essence  the  sane  as 
and  the  aulti-voluaetric  oil  of  switches  with  siaple  disruption  arc 
in  oil  (Pig.  17-1).  Are  characterized  by  they  aainly  the  presence  and 
arc-suppression  chaaber  design. 

Hulti-voluaetric  oil  breakers  with  arc-suppression 
chaabers/caaeras  had  extensive  application  in  soviet  installations 
with  voltage  35-220  kf.  Until  recently  in  the  installations  indicated 
were  applied  oil  breakers  of  the  type  HKP  (oil  breaker  with 
chaabers/caaeras,  substation),  equipped  with  the  arc-suppression 
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chaabers/caaeras  of  the  longitudinal  oil  blast:  on  35  k¥  of  the  type 
HK P-76,  on  110  kV  -  HKP-160,  on  154  k¥  -  HKP-180  and  on  220  kV  - 
HKP-274.  All  these  switches  three-tank,  intended  for  external 
installation.  Despite  the  fact  that  their  production  is  ended,  let  us 
exaaine  their  briefly  device/eguipaent  and  work,  since  they  are  very 
coaaon  on  the  operating  installations  of  the  voltages  indicated. 

Pig.  17-3  scheaat ically  shows  the  arc-suppression  chaaber/caaera 
of  longitudinal  oil  blast,  which  was  being  applied  in  this  series  of 
switches,  while  on  Pig.  17-4  -  cross  section  on  phase  of  one  of  the 
switches  of  series  -  an  oil  breaker  of  the  type  HKP-274  voltage  220 
kV.  Proa  the  latter  it  is  evident  that  to  each  phase  are 
established/installed  two  chaabers/caaeras  10  -  on  one  on  each  wall 
entrance  insulator  3. 

Chaaber/caaera  consists  (Fig.  17-3)  froa  upper  netallic 
half-chaabers  1  and  partition  2  with  openings/apertures  and  lower 
half-chaabers  3,  aade  froa  insulation,  for  exaaple,  froa  Textolite 
(in  switches  on  35  k¥  of  the  type  HKP-76  chaaber  casing  netallic, 
insulated  inside  by  bakelite  cylinders) . 

Chaaber/caaera  is  attached  on  the  lower  collar  of  11  wall 
entrance  insulators  10  and  it  is  electrically  connected  with  its 
current-carrying  rod  12. 
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Pig.  17-2.  An  oil  breaker  of  the  t/pe  THB-10  on  10  k¥#  400  A,  100 
HVA. 

1  and  2  -  notionless  and  slide  contacts;  3  -  wall  entrance  insulator; 
4  -  contact  crosshead;  5  -  contact  springs;  6  -  disconnecting 
springs;  7  -  insulating  rod;  8  -  p  -  -ion  indicator  of  the  switch;  9 
-  the  gas  went  (it  is  displaced  to  side)  ;  10  -  protective  thin-walled 
tube. 

Page  256. 

In  upper  half-chanber  is  established/installed  end-type  contact 
4,  put  on  for  stea  guide  6;  the  latter  is  screwed  into  the  housing  of 
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upper  half-chasber.  The  device/eg uipnent  of  contact  4  is  such,  that 
it  can  be  sored  soaevhat  upward  and  downward  on  rod  6.  Contact  4  is 
equipped  with  spring  5  and  it  is  electrically  connected  by  flexible 
■saber  9  with  the  housing  of  upper  half-chasber. 

Upon  the  start  of  switch  hollow  slide  contact  14, 
fastened/strengthened  to  pole  ara  13,  enters  into  the  lower 
opening/aperture  of  chaaber/caaera  and,  soring  upward,  it  rests  first 
in  intersediate  slide  contact  7,  and  then  together  with  it  is 
continued  notion  to  the  contact  of  intersediate  contact  with  upper  4, 
after  which  all  three  contacts  is  passed  still  certain  path.  Springs 
5  and  8  are  presssed  (Pig.  1 7-3a)  . 

With  cutoff /disconnection  the  contacts  are  broken  in  rererse 
order.  The  first  tise  after  the  start  of  contact  14  downward  contacts 
4  and  7  follow  it,  wringing  out  by  springs  S  and  8.  First  reaches  the 
backstop  and  is  stopped  front  contact  4,  after  which  downward 
continue  to  be  sowed  only  contacts  7  and  14.  In  this  case  between 
contacts  4  and  7  appears  the  arc  ( gas- genera ting) ,  which  evaporates 
and  which  decosposes/expands  oil  and  which  creates  high  pressure  in 
chasber/casera  (Pig.  17-3o).  After  intersediate  contact  7  will  reach 
the  backstop,  it  is  stopped,  and  since  contact  14  continues  notion 
downward,  then  between  contacts  7  and  14  appears  the  second  arc 
(extinguished) ,  around  which  also  are  forsed  the  gases. 


DOC  *  7913*816 


PAGE  <f0 


Simultaneously  through  tubular  slide  contact  14  is  opened/disclosed 
the  coaaunication/report  to  internal  cavity  of  chaaber  with  switch 
tank.  Under  effect  of  pressure#  created  in  chaaber/caaera  with  the 
gas-generating  arc#  the  gases#  which  are  foraed  around  the  quenched 
an  arc#  are  fixed  through  the  hollow  slide  contact  into  switch  tank. 
The  flow  of  gas  involves/tightens  arc  inside  tubular  contact.  Appears 
longitudinal  blast#  as  shown  in  Fig.  17- 3c. 

Due  to  the  pressure,  supported  in  chaaber/caaera  by  the 
gas-generating  arc,  oil  always  strives  it  will  approach  the  arc#  as  a 
result  of  which  around  the  quenched  an  arc  occurs  violent  gas 
generation  which  through  the  tubular  contact  are  rejected  into  switch 
tank.  By  all  this  is  caused  the  intense  deionization  of  arc. 


L 
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Pig.  17-3.  Arc-s oppression  chaaber/caaera  of  the  loagitudinal  oil 
blast  of  oil  breakers  of  the  type  SKP  (old  series) . 


a)  is  connected;  b  and  c)  the  process  of  the  cutoff/disconnection;  d) 
is  disconnected. 


Page  257. 

At  the  aoaent  of  transiting  the  current  through  zero  arcs  in 
chaaber/caaera  they  go  out.  the  generation  of  gas  ceases,  pressure  in 
chaaber/caaera  and  rate  of  gas  blast  sharply  decrease.  For  the  saae 
so  that  the  arc  again  was  not  ignited,  it  is  necessary,  as  this  has 
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already  been  indicated,  precisely,  to  at  this  tiee  ensure  this 
intense  deionization  of  arc  gap  so  that  the  rate  of  an  increase  in 
its  dielectric  strength  would  be  above  voltage  recovery  rate  on  the 
contacts  of  switch.  In  the  chaabers/caaeras  in  question  for 
guaranteeing  this  condition  with  the  snail  course  of  contact  7  is 
necessary  sufficiently  high  pressure  in  thea  up  to  the  aoaent/torque 
of  disagreeing  contacts  7  and  14. 

Sith  the  cutoff /disconnection  of  the  current,  equal  to  the  rated 
current  of  the  cutoff/disconnection  of  switch,  the  pressure  indicated 
coaprises  order  *0-50  ata(tech) .  in  this  case  the  arc  usually  goes, 
and  whereas  the  process  of  cutoff/disconnection  concludes  upon  first 
transfer  of  the  current  tnrough  zero  after  the  foraation  of  the  arc 
between  contacts  7  and  1*.  Let  us  note  that  the  pressure  in  switch 
tank  does  not  exceed  5-10  ata(tech). 

It  is  logical  that  with  the  cutoff/disconnection  of  low  currents 
the  pressure  in  chaaber/caaera  and  the  rate  of  the  flow  of  gases  will 
be  considerably  less,  as  a  result  of  which  the  arc  extinction  is 
involved/tightened  and  it  frequently  finally  goes  out  only  after  the 
output  of  slide  contact  14  of  the  chaaber/caaera,  i.e.  with  the 
sufficiently  large  distance  between  contacts  7  and  1*. 


Thus,  in  chaaber  operation  with  longitudinal  blast  are  two 
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periods:  preparatory  when  in  chanber/canera  is  created  the  necessary 
pressure,  and  the  second  period  -  strictly  arc  extinction,  it  is 
logical  that  the  preparatory  operating  cycle  of  chanber/caaera 
increases  the  tripping  tine  of  switch.  Furthermore,  the  switches  of 
old  series  HKP  had  the  insufficiently  ideal  ccnstruction/design  of 
novable  nechanisn.  As  a  result,  this  disconnection  tine  of  these 
switches  was  up  to  0.15-0.20  s  or  even  nore  in  all,  i.e.,  they  were 
not  high-speed. 

The  disconnecting  ability  of  the  switches  of  old  series  was 
relatively  snail  -  it  did  not  exceed  7500  HVA.  In  such  a  nanner,  both 
on  action  tine  and  according  to  the  disconnecting  ability  these 
switches  did  not  satisfy  working  conditions  in  contenporary 
powerful/thick  power  systens. 

Fig.  17-h  in  the  fern  of  an  exanple  shows  the  cross  section  of 
one  phase  of  an  oil  breaker  of  the  type  NKP-274  to  600  A  and  220  kV, 
equipped  with  exanined  arc-suppression  chanbers/caneras  10.  Switch 
has  oil-filled  condenser/capacitor  wall  entrance  insulators  3,  on 
which  are  established/installed  current  transforners  5  and  device  for 
neasuring  voltage  6  (see  §20-4).  On  the  day  of  the  tank  is  oil  buffer 
device/equipnent  11,  into  which  is  struck  the  face  of  contact 
crosshead  8  at  the  end  of  the  course  of  cutoff/disconnection.  Buffer 
device/equipnent  absorbs  kinetic  energy  of  the  noving  elenents  of  the 
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switch  and  deadens  the  shocks,  experience/tested  by  switch  at  the  end 
of  the  cutoff/disconnection  when  sowing  eleaents  a  ust  stop.  All 
switches  hawe  oil  or  spring  buffers. 


\ 


I 
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Fig.  1 7-4.  ha  oil  breaker  of  the  type  BKP-274  on  220  kV,  600  A,  2500 
(IT A  (one  phase). 

1  -  tank;  2  -  insolation  of  the  tank;  3  -  porcelain  oil-filled  wall 
entrance  insulator  with  the  suppleaentar y  condenser /capacitor 
insolation  of  the  current-carrying  rod;  4  -  glass  expander  of  the 
insulator;  5  -  built-in  current  transforners ;  6  -  device  for 
neasaring  the  voltage  (PIN) ;  7  -  drive  nechanisa;  8  -  contact 
crosshead;  9  -  the  slide  contact;  10  -  arc-suppression 
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chaabar/caaera;  11  -  the  oil  dashpot;  12  -  oil-release  valve/gate. 

Page  258. 

It  present  Soviet  plants  release  the  series  of  nee 
aulti-voluaetric  oil  breakers  of  tne  type  HRP  with  the 
chaebers/caseras  of  the  transverse  oil  blast:  on  35  k¥  of  the  type 
RKP-35,  on  110  kv  -  HR P- 110,  on  220  kT  -  HKP-220.  They  all  three-tank 
and  are  intended  for  external  installation. 

Switches  to  voltage  35  kv  of  the  type  BKP-35  have 
arc-extinguishing  chasbers/caaeras  of  transverse  oil  to  blow  itself 
with  one  disruption.  The  schematic  of  device/eguipaent  and  the 
principle  of  arc  extinction  in  such  chaabers/caneras  are  shown  on 
Pig.  17-5  (chaabers/caneras  are  established/installed  in  each 
disruption  of  switch). 

In  aetal  housing  1  (to  600  A  -  steel,  to  1000  A  -  brass  or 
bronze)  is  established/installed  end-type  contact  2  whose 
construction/design  is  analogous  the  construction/design  of  the 
end-type  contact  of  the  disaaatled/selected  chaaber/caaera  with 
longitudinal  oil  blast.  The  lower  part  of  the  chaaber/caaera  is 
collected  froa  the  insulating  plates  of  4  special  foras,  which  fora 
two  transverse  slots  (channel)  5.  In  the  connected  position  of  switch 
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(Pig.  17-5a)  these  slots  are  overlapped  by  the  body  of  aovable 
contact  bar  3. 

In  the  beginning  of  the  process  of  the  cut off /disconnection  of 
switch  the  arc  between  contacts  2  and  3  burns  in  the  upper  part  of 
the  chanber/caaera  and  pressure  in  it  rapidly  increases.  During 
further  notion  of  slide  contact  3  are  downward  alternately 
opened/disclosed  transverse  slots  5  and  appear  transverse  blast, 
energetically  deionizing  arc. 

In  this  chanber/caaera  and  in  all  other  chanbers/caneras  of  the 
oil  breakers  in  which  the  pressure  is  created  by  the  gases,  generated 
by  arc  itself,  pressure  in  chanber/caaera  and  rate  of  transverse  gas 
flow  depend  on  arcs  current.  At  the  nonent  of  transiting  the  current 
through  zero,  when  arc  gees  out,  pressure  in  chanber/canera  descends 
and  the  rate  of  the  flow  of  gases  decreases.  But  precisely  at  this 
nonent  it  is  iaportant  to  support  energetic  blast  for  achievenent  of 
the  large  recovery  rate  of  dielectric  strength  of  the  gap/interval 


between  contacts 


Fig.  17-5.  irc-nppcM«io>  ckuktc/cu«r«  of  the  transverse  oil  blast 
of  a  switch  of  the  type  JIKP-35. 

a)  is  connected;  bv  c  and  d)  the  process  of  cntof f/disconnection,  e) 
is  disconnected. 
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Page  259. 

For  providing  this  in  aany  chaabers/caaeras  of  conteaporary  oil 
breakers,  as  in  that  exaained/considered,  are  created  the  filled  with 
air  buffer  spaces. 

In  chaaber/caaera  in  Fig.  17-5  this  buffer  space  6  is  provided 
in  the  right  side  of  the  chaaber/caaera.  Bith  the  filling  of  switch 
oil  in  this  space  reaains  airspace. 

In  the  initial  stage  of  cutoff/disconnection,  i. e.  before  the 
disco very/opeaing  of  blast  slots  or  channels  5,  the  air  in  buffer 
space  is  presssed  (accuaulation  of  energy) .  It  is  logical  that 
therefore  at  the  aoaent  of  the  aaxiaua  of  arcs  current  the  pressure 
on  chaaber  walls  soaewhat  decreases  (part  of  oil  overflows  into 
buffer  space). 

At  the  aoaent  of  the  discovery/opening  slots  5  and  onset  to  blow 
the  pressure  in  chaaber/caaera  descends  especially  considerably,  when 
arcs  current  is  close  to  zero  (decreases  the  generation  of  gas).  But 
siaultaneonsly  with  this  the  air,  coapressed  in  buffer  space,  begins 
to  be  expanded  and,  operating  as  the  piston  (as  certain  suppleaentary 
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energy  source)  ,  supports  tiie  blast,  which  deionizes  arc  gap. 


The  general  view  of  oil  switch  of  the  type  HKP-35  is  shown  in 
Pig.  17-6. 


In  the  oil  breakers  of  new  series  in  voltages  110  and  220  kv  are 
used  the  arc-suppression  chanbers/caaeras  of  transverse  oil  blast 
with  Multiple  break.  Let  us  exaaine  device/eguipnent  and  the  work  of 
an  oil  breaker  of  the  type  MKP-110  R.  Fig.  1 1-?  schematically  shows 
chaaber/caaera,  while  in  Pig.  17-8  the  cross  section  of  the  phase  of 
this  switch  where  is  visible  the  installation  of  chaabers/caneras. 


Chaaber  casing  is  carried  out  in  the  fora  of  cylinder  5  of 
insulation  (Pig.  17- 7a),  eguipped  froa  above  by  ring  7,  and  froa 
below  with  disk  8  of  brass.  Bing  7  is  connected  with  bronze  holder  4, 
with  the  aid  of  which  the  chaaber/caaera  is  attached  to  the  cap/hood 
of  2  wall  entrance  insulators  1.  The  current-carrying  rod  3  of  the 
latter  is  electrically  connected  with  holder  4  and  ring  7.  To  the 
internal  surface  of  chaaber/caaera  are  fastened/strengthened 
aotionless  copper  contacts  9-10-11-12.  In  pairs  contact  9  with  ring 
7,  contacts  10  and  11  and  contact  12  with  disk  8  are  connected  by 
copper  rods  13-14-15.  Bods  14  and  15  are  closed  with  tertolite  plates 
16  and  17  for  preventing  the  overlap  on  then  of  arc  froa  slide 
contacts  18  and  19  with  the  cutoff/disconnection  of  switch  (Pig. 
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17-7b). 

Two-way  slide  contacts  18  and  19  are  pat  on  to  bakelite  rod  22 
whose  position  along  the  axis  of  chanber/canera  is  provided  with  the 
fact  that  it  is  passed  through  openings/apertures  in  the  botton  of 
holder  4  and  in  the  dish  of  8  housings.  Springs  20  and  21  serve  for 
the  creation  of  the  necessary  pressure  in  contact. 

At  the  butt  end  of  rod  22  is  attached  brass  contact  23, 
connected  by  flexible  stranded  wire  25  with  disk  8. 

In  the  connected  position  of  the  switch  of  crosspiece  27 
occupies  end  upper  position,  and  its  slide  contact  26,  being  located 
within  aetallic  beaker  28,  wrings  out  upward  entire  lovable  system  of 
chanber/canera  which  occupies  the  position,  depicted  in  Pig.  17- 7a 
(springs  20,  21  and  24  are  coapressed). 

Each  chanber/canera  is  equipped  with  the  shunting  effective 
resistance  to  r=750  oh  ns,  connected  to  ring  7  and  disk  of  8 
chanbers/caaeras.  Resistor/resistance  is  aade  froa  the  Nichroae 
spiral,  packed  in  the  grooves  of  bakelite  cylinder  and  prisoner  into 
the  second  shielding  bakelite  cylinder  with  openings/apertures  on  its 
surface  for  the  passage  of  oil.  Cylinders  with  backs-out  resistor  are 
fastened/strengthened  to  arc-suppression  chanbers/caaeras  (Fig. 
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17-81 . 

Bith  the  connected  switch  through  the  shunting 
resistors/resistances  the  current  does  not  flow/occ ur/last,  since 
they  are  shortened/shorted  out  by  the  locked  contacts  of  the 
chasbers/caaeras  of  switch  (Pig.  17-7).  in  process  the 
cutoffs/disconnections  of  the  switch  of  resistance  B  prove  to  be 
connected  in  parallel  to  chaabers/caaeras,  i.e.  they  shunt  thea, 
thanks  to  which  the  voltage,  applied  to  the  phase  of  switch,  is 
distributed  approxiaately/exeaplarily  equally  between  the 
chaabers/caaeras  (see  §13-2). 
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Pig.  17-6.  An  oil  breaker  of  the  typo  BE  P-35  on  35  kV,  600  A, 
OVA. 


1  -  oval  tanks;  2  -  stool  fraae;  3  -  drive;  4  -  hoist  for  the 
settling  of  tanks. 
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Page  260* 

Hth  the  cutoff /disconnection  of  the  switch  of  pole  an  27  it  is 
■owed  downward.  Under  spring  effect  24  rod  22  is  also  sowed  downward. 
The  first  tine  contacts  23  and  26  eowe  together.  Ire  broken  contacts 
within  chaaber/caaera  and  between  then  appear  four  arcs,  as  shown  in 
Pig.  17-7b.  ires  31  and  32  are  gas-generating  and  serwe  for  creation 
in  the  chaaber/canera  of  the  necessary  pressure,  ires  29  and  30  are 
extinguished,  they  appear  against  openings/apertures  6  in  chamber 
casing. 

/  Satogenerirah^Ce  dugl  31  and  32  create  in  chasber /camera  the 
pressare  in  seweral  ten  ataospheres.  under  action  of  which  quenched 
an  arc  29  and  30  are  blown  out  bj  the  gases  through  exhaust  opening  6 
into  switch  tank  (Fig.  1 7-7b|  • 

In  these  chaabers/caaecas  the  guenched  an  arc  undergo  blowing 
iaaediately  after  their  foraation/education.  i.e. »  in  thea  there  is 
no  expenditure  of  tiae  for  the  preliminary  creation  of  pressure  as 
this  it  was  in  chaabers/caaeras  with  longitudinal  oil  blast.  Arc 
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extinction  is  facilitated  also  bacaose  of  aaltipls  break  of  the 
circait:  ia  all  to  phase  (in  two  chaabers/caaeras)  has  the  place  of 
eight  disruptions,  aoreover  the  arc  gaps  of  four  disrupt ions  are 
energetically  deionised  by  the  cross  flow  of  gas.  They  substantially 
facilitate  arc  extinction,  especially  with  the  cutoff/disconnection 
of  low  currents,  backa-cut  resistor  of  r  against  clusters  of  which  it 
was  indicated  in  chapter  13. 

is  a  result  of  entire  this  tiae  of  arc  extinction  in  switches 
with  the  chaabers/caaeras  of  transverse  oil  blast  in  question  it  is 
snail  and  usually  it  does  not  exceed  two-three  half-periods 
(0.02-0.03  s). 

After  arcs  in  chaabers/caaeras  went  out,  through  backs-out 
resistor  continues  to  flow/occur/last  saall  current  /,  (accoapanying 
current).  As  soon  as  contact  systea  of  chanber/canera  it  will  reach 
the  backstop  and  will  stop,  contacts  23  and  26  are  radiated  and  will 
break  current  lr  Since  this  current  is  saall,  then 

appearing  between  contacts  23  and  26  arcs  easily  are  extinguished 
without  the  use/applicatioa  of  any  arc-suppression  devices/eguipment 
(Fig.  17-7c|.  Position  with  coapletely  off  switch  is  shown  in  Pig. 
17-7d. 


To  aotioaless  and  slide  contacts  are  welded  arc-resistant  caps 
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(plates)  froa  the  ceraet  connection,  which  consists  of  copper  and 
tungsten. 

The  general  wiew  of  an  oil  breaker  of  the  type  HKP-110M  on  no 
kV  and  600  k  is  shown  in  Fig.  17-9. 
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rig.  17.7.  ire-suppression  chubtr/cuari  of  the  transverse  oil  blast 


of  an  oil  breaker  of  the  type  iPS-  HON  on  110  kv.  a)  is  connected;  b 
and  c)  the  process  of  tne  cutoff/disconnection;  d)  is  disconnected. 


Page  261. 


Oil  breakers  of  the  type  HKP-220  kV  have  large  overall  sizes  and 
soaewhat  different  construction/design  of  arc-suppression 
chanber/caaera  (rig.  17-10).  In  the  latter  there  are  six  gaps, 
between  which  with  cntoff/disconnection  appear  three  gas-generating 
and  three  quenched  an  arc.  and  also  auxiliary  oil-injection 
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device/eqsipnent,  which,  io  the  first  place,  after  the  terainat.ion  of 
arc  extinction  rapidly  drives  out  froa  chaaber/caaera  the 
decospositioa  prodacts  of  oil  and  accelerates  the  filling  with  its 
fresh  oil  aad,  in  the  second  place,  it  provides  reliable  arc 
extinction  with  the  cutoff  /disconnect  ion  of  low  currents,  fie  will  be 
restricted  to  the  exasinatioa  only  of  the  auxiliary  oil-injection 
de vice/e qaipaent,  since  in  other  respects  the  eqaipaent  and  the 
chaaber  operation  are  clear  of  the  description  presented  earlier  of 
the  chasber/Canera  of  a  switch  of  the  type  HKP-110H. 

In  holder  1  is  pressed  the  cylinder  2  of  oil-injection  piston  1. 
Kith  off  switch  under  spring  effect  7  piston  is  located  in  lcwer 
position,  as  shown  in  Pig.  17-10.  In  this  position  the  internal 
cavity  of  chaaber/caaera  freely  is  connunicated  with  the  space  of 
switch  tank  through  twc  series/rows  of  openings/a  per  tares  4  and  5  in 
the  walls  of  cylinder  2. 

Upon  the  start  of  switch  rod  6  is  aoved  upward  and 
siaoltaaeossly  with  slide  contacts  10  it  is  upward  aoved  and  piston 
3,  presssing  arranged/located  above  it  spring  7.  in  the  connected 
position  the  piston  closes  opeaiags/apertures  4,  thanks  to  which  the 
internal  cavity  of  chaaber/caaera  proves  to  be  isolated/insulated 
froa  switch  tank. 
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With  the  cutoff /disconnection  of  switch  rod  6  with  slide 
contacts  10  begins  to  bs  noted  downward.  Siaultaneously  under  spring 
offset  7  begins  to  bo  novod  downward  piston  3.  If  switch  disconnects 
relatively  larger  current*  then  as  soon  as  contacts  10  and  11  they 
arc  radiated*  and  between  then  will  arise  arc*  pressure  in 
chanber/caaera  sharply  grows/rises  also  under  its  action  piston  3 
begins  to  wove  conversely  upward  to  backstop  8*  i. it  is  higher 
than  its  noraal  position  with  the  connected  switch.  Springs  7  and  9 
are  presssed. 
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Pig,  17-8.  An  oil  breaker  of  the  typo  HKP-110H  on  110  tv,  600  A,  3500 
D7A  (ono  pkast) •  1  -  tank;  2  —  bottoa  of  tho  tank;  3  -  access;  4  - 
Insulation  of  tha  tank;  5  -  oil-drain  valves;  6  and  7  -  upper  and 
lover  parts  of  wall  entrance  insulator;  8  -  glass  expander;  9  - 
built-in  current  transf oraers;  10  -  drive  aechanisn;  11  -  guide;  12  - 
insulating  rod;  13  -  contact  crossbead  (13*)  -  position  is 
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liacoutcttd) ;  1*  -  the  slide  contents;  15  -  the  explosion  chambers 
18  -  bicks-oat  resistor  is  insulating  cylinders. 
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Pig.  17-9.  la  oil  breaker  of  the  type  HKP-110,  on  110  k¥,  600  A,  3500 
HT1. 

Page  262. 

Under  high- pressure  action  in  chaaber/caaera  is  created  the 
eaergetic  transverse  blast  through  three  series/rovs  of  slots  I6r 
which  leads  to  rapid  arc  extinction.  After  this  pressure  in 
chaaber/caaera  it  descends  and  therefore  piston  3  under  the  action  of 
coapressed  springs  7  and  9  is  rapidly  aoved  downward,  displacing  from 
chaaber/caaera  the  reaaining  in  it  gases  and  accelerating  the  filling 
with  its  oil  (chaaber/caaera  blows  itself  by  fresh  oil).  Therefore 
the  chaaber/caaera  rapidly  prepares  for  reclosing. 

Soaevhat  otherwise  chaaber/caaera  works  with  the 
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catoff /disconnection  of  cooperatively  low  currents.  In  this  cast?  th<* 
pressure  is  chanber/canera.  caused  by  the  generation  of  gas  by  the 
arcs  of  gape*  proves  to  be  ssall  and  insufficient  for  a  rapid  arc 
extinction.  It  proves  to  be  insufficient  also  in  order  to  delay  the 
notion  downward  of  piston  3.  The  latter  under  spring  effect  7 
continues  to  be  aoved  downward  and  pressure  oil  into  the  region  of 
arcing.  That  appearing  with  this  transverse  blast  proves  to  be 
sufficient  for  a  reliable  arc  extinction  with  the  snail  disconnected 
current. 

Thus,  with  the  cutoff /disconnect ion  of  relatively  low  currents 
arc  is  extinguished  not  due  to  the  pressure,  created  with  arc  itself, 
but  by  the  forced  flow  of  oil.  created  aechanically  with  piston 
stroke  3  under  spring  effect  7. 

Backs~oet  resistor  these  chanbers/caneras  do  not  have  [  17-1, 
appendix  I.  written  by  A.  n.  Broastein]. 

Because  of  the  short  tine  of  the  arc  extinction  and  iaproved 
construction/design  of  aovable  aechanisa  the  tripping  tine  of  the 
switches  HKP  of  new  series  coaprises  order  0.08  s.  i.e..  they  are 
high  speed. 

The  nosinal  power  of  the  cutoff/disconnection  of  these  switches 
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rtickts  5000  8VA  (table  P-14)*  Sooa  *111  be  began  the  production 
seitchee  of  the  type  HKP-220  to  the  nominal  power  of 
catoff /disconnection  7000  mva* 
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Pi*.  17.10.  Arc-sappressioa  ckaabtc/caaera  of  an  oil  breaker  of  the 
type  BKP-  220  on  220  kf.  1  -  bolder;  2  -  cylinder;  3  -  piston;  4  ami  S 
-  opening/apertore;  6  -  rod;  7  -  spring;  8  -  backstop;  9  -  auxiliary 
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spring;  10  -  the  slide  contacts;  11  -  the  fixed  contacts;  12 
housing  of  the  chanber/caaera;  13  -  flexible  connections;  14 
spring;  IS  -  external  contact;  16  -  exhaust  slots. 
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pig.  17-11.  Oil  breaker  on  230  k¥,  10000  BTA. 

page  263. 

Ace  developed/processed  even  note  powerful/thick  switches,  also,  to 
large  voltages. 

The  phases  of  the  switches  of  types  BKP-110  and  BKP-220  can  be 
connected  nechanically  and  be  controlled  with  coanon  drive  ( 1  in  Fig. 
17-9) .  i.e.,  have  three-phase  control.  Bat  if  we  the  phases  of  these 
switches  do  not  connect  nechanically  and  to  supply  with  independent 
drives,  then  it  is  possible  to  carry  oat  phase- by- phase  control  of 
switch.  In  this  case  of  phase  prove  to  be  connected  only  with 
electrical  diagran  the  controls  of  three  drives. 
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In  meant  fanes  soaa  focaign  fir  ns  attained  the  considerable 
snccassas  in  tha  production  of  aulti-volunetric  oil  breakers  with 
awlti-disruptive  arc-suppression  chaabers/canar&s. 

In  tha  fora  of  an  exaaple  Fig.  17-11  and  17-12  give  general  view 
and  section/cut  of  one  phase  of  tha  oil  bulk-oil  breakers, 
aanufacturad  with  one  American  fira  to  noninal  voltages  to  330  kv 
inclusively  and  at  tha  power  of  cutoff/disco enaction  to  2^000  nVA. 
Switches  have  tanks  of  original  construction  (lens-shaped  form),  with 
which  is  provided  their  high  sechanical  strength  with  the 
considerable  decrease  of  total  weight  and  weight  of  oil.  in 
coaparison  with  usual  cylindrical  tanks.  So.  if  Soviet  oil  breaker  in 
three  cylindrical  tanks  of  the  type  HKF-220  at  the  power  of 
cut  off /disconnection  5,000  NVA  has  the  total  weight  of  three  phases  90 
t  with  the  weight  of  oil  48  t,  then  the  shown  in  Fig.  17-11  switch  on 
230  kT  at  the  power  of  cutoff/disconnection  10,000  NVA  has  the  total 
weight  of  three  phases  of  approxiaately/exeaplarily  36  t  with  the 
weight  of  oil  a  total  of  of  approxxaatel y  16  t. 

The  arc-suppression  chaaber/caaera  of  these  switches  has  a 
cylinder  with  piston  and  spring.  Upon  the  start  of  switch  finger/pin 
10  on  pole  ara  8  (Fig.  17-12)  eaters  inside  chaaber/caaera  4  and, 
pressing  on  the  stock/rod  of  the  piston  indicated,  is  risen  it 
upward;  the  spring  of  piston  it  is  presssed.  with  the 
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cat off /disconnection  of  the  loa  currents  when  the  pressure  in 
chaaber/canera,  ceased  by  the  generation  of  gas  by  arc,  proves  to  he 
snail  and  insufficient  for  a  rapid  arc  extinction,  piston  under  the 
action  of  the  coapressed  spring  is  aoved  downward  and  pressure  oil 
into  the  region  of  arcing,  that  also  provides  its  rapid  extinction. 

X>  the  case  of  the  cutoff/disconnection  of  coaparatively  high 
currents,  when  the  gas  pressure  in  chaaber/canera  is  great,  the  valve 
of  the  cylinder  of  the  oil-injection  piston  is  closed  and  arc  is 
extinguished,  as  usual,  by  the  cross  flow  of  gas.  After  the 
teraination  of  arc  extinction  the  oil-injection  piston  blows 
chaaber/canera  by  fresh  oil,  as  this  was  indicated  above,  in  the 
exaainatioa  of  the  chaaber/canera  of  a  switch  of  the  type  nkp-220. 

The  sinilar  oil-injection  pistons  are  applied  in  the  arc-suppression 
chanbers/caaeras  and  other  switches,  foreign  firas  [17-1  and  17-2]. 

The  tripping  tine  of  siailar  switches  coaprises  order  0.05-0.08 
s. 

Hulti-voluaetric  oil  breakers  with  longitudinal-slotted 
chanbers/caaeras  (horseshoe  chanbers/caaeras;  deionization  gratings). 
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entrance  insulator;  2  -  tank;  3  *  built-in  current  transformers;  4  - 
arc-suppressing  chaaber/caaera;  5  -  insulating  rod;  6  -  jacket  of 
current  transforaers;  7  -  jacket  of  the  drive  aechanisa;  8  -  contact 
crosshead;  9  -  the  slide  contact;  10  -  finger/pin  for  the  shift  of 
oil-injection  piston  of  chaaber/caaera* 


Pig.  17-13*  Longitudinal-slotted  chaaber/caaera  of  oil  breaker.  1*  2, 
3*  and  4  -  plates  froa  which  is  coaprised  tha  chaaber/caaera. 

Page  264. 

Longitudinal* slotted  chaaber/caaera  consists  of  several  packets  each 
of  which  is  coaprised  of  one  the  steel  and  several  insulating  plates 
of  the  horseshoe  fora  (Pig*  17-13)*  packed  in  the  following  order; 
inside  steel  plate  1  is  inserted  insert  2,  intended  for  the  isolation 
of  steel  plate  froa  slot*  then  to  steel  plate  is  superiaposed  one 
insulating  plate  3*  further  several  insulating  plates  4  and  finally 
one  additional  plate  3* 
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Ob  top  and  bottoa  of  sack  several  coabinod  packets  are 
saperiapoaod  thick  plywood  plates  6  and  7,  also  cut-away,  kith  the 
aid  of  piss  8  of  insalat ioa  these  packets  are  tightly  tightened  and 
attached  to  aetallic  holder  11#  fastened/strengthened  with  the  aid  of 
clasp  13  to  the  current-carrying  rod  of  wall  entrance  insulator  14. 

Because  of  sesi circular  grooves  5  in  plates  tt  on  the  internal 
surface  of  the  narrow  slot  of  chaaber/caaera  are  forned  the 
deepeaings  (pockets)  . 

Botiosless  area  contact  9  is  fastened/strengthened  to  axis  10. 
passing  through  the  lateral  struts  of  holder  11#  and  it  is  connected 
by  flexible  current-carrying  connections/coanunications  12  with  clamp 
13. 


Slide  contact  is  carried  out  in  the  forn  of  flat/plane  knife  16 
with  the  bent  back  upward  ends/ leads  and  is  suspended/hung  from 
insulating  rod  17. 

Spring  15  provides  the  necessary  pressure  in  contact  and  deadens 


the  shocks  upon  start 
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Chasbers/caaeras  are  installed  in  each  gap  of  switch. 

Daring  interr opting  of  contacts  tha  arc  appaars  in  the  baginning 
of  tha  slot  of  chaaber/caaera.  foraing  around  arc  aagnatic  flux  a>  is 
cloaad  through  staal  platas  and  air  gap*  as  shown  by  heavy  dotted 
line  in  Pig.  17-13.  striving  to  be  shortened*  aagnatic  lines  of  force 
rapidly  involve/tighten  arc  iasida  slot.  Tha  latter  is  filled  with 
oil;  therefore  daring  the  aotion  of  arc  inside  slot  oil  violently 
evaporates  and  is  decoaposed/expanded.  If  aoreover*  soae  plates*  for 
exaaple  2  and  4,  are  aade  froa  fiber*  then  the  latter  with  contact 
with  arc  partially  is  deco a posed/expanded*  separating/liberating  a 
large  quantity  of  gases  (hydrogen*  carbon  dioxide*  water  vapor).  All 
this  is  acconpanied  by  a  sharp  increase  in  the  pressure  within  slot 
and  by  the  intense  flow  of  gases  ia  the  zone  cf  arc,  as  a  result  of 
which  the  arc  energetically  is  cooled  and  deionized.  The  deionization 
of  arc  is  aaplified  also  as  a  result  of  its  contact  in  slot  with  the 
surface  of  solid  dielectric. 

Part  of  the  gas  under  pressure  is  wrung  out  into  deepenings 
within  the  slots*  foraed  by  saaicircular  grooves  5  in  plates  4.  when 
arcs  current  crosses  the  zero  value*  pressure  in  the  zone  of  arc 
falls  and  gas  froa  the  deepenings  of  slot  escapes  into  switch  tank, 
produciag  the  energetic  deionisation  of  arc  gap. 
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Hth  insufficient  distance  between  contacts  the  arc  ignites 
repeatedly*  Finally  arc  usually  goes  ont  through  several  half-period 
after  the  disagreeaent  of  contacts*  The  tripping  tiae  of  switches 
with  siailar  explosion  chambers  is  0.1-0.15  s. 

Longitudinal-slotted  chaabers/caaeras  great  use/application 
obtained  in  a  ulti- voluae  trie  oil  breakers  to  voltage  35  kv.  soviet 
plants  annufacture  with  siailar  chaabers/caaeras  oil  breaker  to 
voltage  35  kV  of  the  type  va-35  in  noainal  power  of 
cutoff /disconnect ion  400  NVA*  the  section/cut  of  the  phase  of  this 
switch  is  given  in  Fig*  17-14.  Switch  three-tank,  for  external 
installation.  The  appearance  it  auch  the  sane,  as  a  switch  of  the 
type  HKF-35,  shown  in  Fig*  17-6* 

17*3*  Oil  breakers  with  saall  space  of  oil. 

General  inforaation*  In  snail  voluae  oil  breakers  oil  is 
utilised  only  for  an  arc  extinction;  therefore  a  quantity  of  oil  in 
thea  is  accepted  smallest  possible  froa  the  condition  for  arc 
extinction*  and  the  insulation  of  current-carrying  parts  is  realized 
with  the  aid  of  air  and  ceraaic  or  organic  insulation. 

The  weight  of  oil  in  saall  voluae  oil  breakers  many  times  is 
less  than  in  nulti-voluaetric  ones.  For  exaaple,  in  aulti-volumetric 
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oil  breakers  to  10  kT  and  noaiaal  power  of  cutoff/disconnect ion  250 
87 A  the  weight  of  oil  250  kg#  while  in  snail  voluae  switches  to  the 
sane  paraaeters  the  weight  of  oil  is  only  10  kg. 

Decease  of  snail  space  of  oil  and  very  ragged  construction  of 
tanks  snail  woluae  switches  can  be  considered  explosion*  and 
f lane- resistant.  This  fact  increases  the  safety  of  servicing  switches 
and  considerably  sinplifies  their  installation  in  the  closed 
distributors. 
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Pig •  17-14.  An  oil  breaker  of  the  type  vh-35  on  35  kv.  600  a,  400  mva 
(one  phase).  1  -  tank;  2  -  oil-drain  valve;  3  -  oil  gauge;  4  - 
rollers  for  the  cables;  5  -  insulating  facing;  6  -  cover/cap;  7  -  gas 
bleeder;  8  -  bakelite  insulator;  9  -  porcelain  cover;  10  -  insulating 
coapound;  11  -  collar  of  the  insulator;  12  -  drive  aechanism;  13  - 
rod;  14  -  slide  contact;  15  -  bakelite  beaker;  16  -  not  slide 
contact;  17  -  arc-suppression  chaaber/caaera;  18  -  screen. 

Page  265. 


In  all  snail  voluae  oil  breakers  there  are  arc-suppression 
chanbers/caaeras,  nost  frequently  with  transverse  blast.  Depending  on 
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the  voltage  and  power  fcoa  voltage  and  power  of  cutoff/disconnection 
the  switches  have  one  cr  several  gaps  la  phase. 

Saall  voluae  oil  breakers  can  be  constructed  to  all  voltages  for 
internal  and  external  installations  and  to  the  very  large  power  of 
catoff/disconnection.  Soviet  plants  nanofacture  then  to  voltages  to 
110  kV  inclusively. 

Low- voluae  oil  breakers  to  voltages  to  20  kV  inclusively  have 
one  or  two  gaps  in  phase.  Each  gap  of  switch  is  supplied  with 
separate  tank  with  the  built-in  arc-suppression  device/eguipraent. 
Thus,  switch  with  one  gap  in  phase  has  three  tanks,  and  switch 
double-break  in  phase  -  six  tanks  (on  two  to  phase) . 

Tanks  can  be  uade  froa  boiler  steel  (welded)  or  froa  insulation, 
which  possesses  necessary  aechanical  and  dielectric  strength. 

In  the  case  of  aetallic  tanks  the  current-carrying  busbars 
connect  directly  to  the  heads  of  tanks  or  to  tanks  theaselves; 
therefore  the  latter  are  located  under  voltage  and  are  not  grounded 
as  the  tanks  of  nulti-volunetric  oil  breakers. 

In  all  cases  the  tanks  of  saall  volune  switches  are  fastened  to 
the  porcelain  stand-off  insulators,  which  reliably  insulate  them  from 
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the  grounded  frane  of  suite*. 

Oil  breakars  with  on  taak  to  phasa  (three-tank) .  wide 
application  ia  Soria t  installations  by  voltage  to  10  k¥  inclusively 
found^switch  oil  pot)'  to  noainal  voltage  10  k¥,  rated  currents  of  up 
to  1000a  incl naively  and  power  cutoffs/disconnections  350  nva. 
Switches  have  coaparati vely  saall  overall  sizes,  weight  and 
cost/valae,  they  are  intended  for  vertical  installation  on  walls  and 
aetal  constructions  of  the  closed  distributors. 

Let  ns  becoae  acquainted  with  equipnent  and  work  of  switches  of 
the  type  *VG- 133  (Pig.  17-15|.  The  Metallic  tanks  of  1  these  switches 
are  located  under  voltage,  since  the  busbars  of  distributor  connect 
up  bolt  terainals/gr Ippecs  9  on  their  bottoas;  therefore  each  tank  is 
attached  on  two  stand-off  insulators  2,  established/installed  on 
overall  steel  fraae  11.  within  tank,  to  its  bottom,  is 
fastened/strengthened  the  aotioaless  socket  contact  (see  also  Fig. 
17-16).  Movable  contact  bar  4  passes  through  insulator  as  3  to  the 
head  of  tank.  oa  the  shaft  of  10  switches  are  welded  three 
double-nrned  levers  12,  to  long  arns  of  which  by  weans  of  porcelain 
rods  6  are  suspeaded/hung  the  coatact  bars  of  4  three  phases.  Rods  6 
are  hiaged  connected  with  levers  12  and  rods  4. 


To  the  cap/hood  of  wall  eatranca  insulator  3  is 
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fasteaed/strengthened  steel  claap  by  7  with  terainal/gripper  8  for 
connection  of  busbars,  Terainal/gripper  8  is  electrically  connected 
with  aovable  contact  bar  4  by  aid  of  copper  flexible  aeaber  5. 

Path  of  current  in  the  connected  position  of  the  switch:  clamp 
9,  socket  contact  on  the  bottoa  of  tank,  rod  4,  flexible  aeaber  5, 
terainal/gripper  8.  To  each  phase  there  is  one  pair  of  contacts, 
which  perfora  the  role  of  workers  and  arc-suppression. 

Switch  tanks  to  rated  current  600  a  steel.  Since  in  the 
connected  position  of  switch  current  flows/occurs/lasts  over  contact 
bar  4,  then  created  with  this  current  aagnetic  flux  is  closed  on  the 
walls  of  tank. 
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Fig.  17-15.  An  oil  breaker  of  the  type  VBG-133  oa  10  kv,  600  a,  350 
ItTA. 

Pag*  266. 

For  decreasing  heating  tank  by  eddy  currents  and  as  a  result  of 
hysteresis  the  vertical  veld  of  tank  (on  the  generatrix  of  cylinder) 
is  welded  by  brass  for  an  increase  of  the  reluctance  and  decrease  of 
induction  in  steel.  In  switches  oa  1000  a  the  tanks  are  fulfilled 
froa  brasj,  bottoa  froa  rad  copper,  and  head  and  caps/hoods  cf  wall 
entrance  insulators  froa  non-aagaetic  cast  iron,  switch  tanks  possess 
large  aechaaical  strength  and  are  capable  of  aaintaining/wit hstanding 
the  pressure,  which  considerably  exceeds  the  pressure,  which  appears 
ia  the  process  of  cutof {/disconnection.  The  weight  of  oil  in  three 
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tanks  is  only  5-10  kg. 

To  the  short  arns  of  two  outsr  levers  12  and  to  frane  11  are 
attached  two  disconnecting  springs  15.  stretched  in  the  connected 
position  of  switch.  Short  lever  am  of  12  average/nean  phases  at  the 
end  of  the  coarse  of  the  inclusion  rests  into  spring  buffer  11.  and 
at  the  snd  of  the  course  of  the  cutoffs/disconnections  -  into  oil 
dashpot  1*#  which  serve  for  the  softening  of  inpacts  with  start  and 
cntof f /disconnection . 

On  shaft  10  is  established/installed  rocker  shaft  am  16.  which 
with  the  aid  of  rods  17  and  18  is  connected  with  hand  drive  19.  can 
be  used  also  electrenagnetic  actuator.  Drive  shaft  is  connected  with 
the  blocking-signal  contacts  20  (chapter  16). 

The  section/cut  of  switch  tank  is  given  in  Pig.  17-16.  To  base 
cylinder  1  is  welded  suppleaeatary  receptacle  6  of  rectangular  form 
which  is  cosaunicated  with  the  cylinder  through  ball  valve  5.  Valve 
aakes  it  possible  for  oil  to  overflow  fron  reservoir  6  into  cylinder 
1.  so  that  the  oil  level  in  then  identical.  In  the  process  of  the 
cutoff/disconnection  of  pressure  switch  in  the  lower  part  of  cylinder 
1  is  raised  and  valve  5  is  closed. 


Bakelite  tube  vith  15  withia  insulator  14  is  guide  for  contact 
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bar  13.  Plug  4  serves  for  oil  drain,  while  plug  10  -  for  the 
additioaal  filling  of  oil. 

Tank  1  is  inside  isolated/insulated  by  bakelite  cylinders  2  and 
3,  which  serve  also  for  the  attachaent  of  arc-suppression 
chanber/caaera  11.  The  latter  is  collected  froa  several  alternating 
plates  froa  getinaz  and  fiber.  Between  the  plates  of  the  lower  part 
of  the  ehaaber/caaera  arc  three  slots,  located  in  different 
horisontal  planes,  which  convert  into  uptakes  16.  which  eaerge  into 
the  upper  part  of  the  tank  (in  section/cut  fig.  17-16  shows  one  slot 
and  one  uptake  16).  In  the  connected  position  of  switch  (Pig.  17-I7a) 
slide  contact  13  overlaps  the  openings/apertures  of  the  horizontal 
slots  indicated. 

To  tank  1  is  welded  snail  steel  chaaber/caaera  7.  situated 
within  suppleaentary  reservoir  6  (Fig.  17-16).  This  chanber/camera  is 
conaunicated  with  tank  1  through  the  rectangular  opening/aperture, 
situated  against  the  horizontal  slots  of  ezplcsion  chanber.  with  the 
filling  of  tank  with  oil  in  chaaber/caaera  7  re wains  the  filled  with 
air  buffer  space. 

The  process  of  cutoff /disconnection  occurs  in  the  following 
order.  During  the  notion  of  contact  by  13  upward  between  it  and 
socket  contact  12  is  foraed  the  arc  and  pressure  in  the  lower  part  of 
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tk«  cylinder  rapidly  it  is  raised*  The  part  of  oil  passes  into 
chanber/canera  7 ,  air  in  which  is  presssed*  Daring  farther  notion  of 
contact  13  Conseco ti we ly/serially  are  open ed/disclosed  slots  of  the 
chanbers/caaeras,  through  which  is  opened/disclosed  the 
co eea nice tion/re port  of  the  lower  and  apper  parts  of  the 
ch an ber s/caser as • 
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Pig.  17~16«  tank  of  an  oil  breafcer  of  the  type  vug- 133  (off 
position)  • 

Page  267. 


Appears  the  blast  of  gases  aa4  oil  vapors  in  three  different  planes 
which  energetically  deionises  arc  (Pig*  17-17b).  To  arc  extinction 
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contribute  also  the  gases,  isolated  by  fiber  plates,  and  also 
iatiaate  contact  of  arc  vith  the  surface  of  dielectric  in  the  slots 

of  chaaber/caaera. 

On  the  role  of  buffer  spaces  in  the  work  of  arc-suppression 
dev  ices/e  gaip  sent  it  spoke  above  in  §  17-2. 

Vith  the  cutoff/disconnection  of  low  currents  the  pressure  in 
the  lover  part  of  the  tank  can  be  insufficient  for  the  creation  of 
effective  blast  in  the  slots  of  chaaber/caaera.  In  this  case  the  arc 
is  iavoivel/tightened  inside  the  central  opening/aperture  of 
chaaber/caeera,  and  into  gaseous  state  passes  oil,  which  is  located 
in  the  pockets  of  17  upper  parts  of  the  chaaber/caaera.  After  the 
output  of  slide  contact  froa  the  central  opening/aperture  of 
chaaber/caaera  the  gases,  which  are  located  in  the  pockets  indicated, 
create  the  suppleaentary  longitudinal  blast  ({Tig  17-17c),  which 
ensures  arc  extinction. 

In  the  upper  part  of  tank  1  is  rejected  the  aixture  of  gases  and 
oil  which  through  openings/apertures  8  (Fig.  17-16)  enter  labyrinth 
oil  separator  9.  Here  oil  settles  on  the  partitions  of  separator  and 
through  opeaiags/apertures  18  leaks  off  into  the  lower  part  of 
reservoir  6.  The  cooled  and  considerably  deionized  gases  emerge 
outside  through  slots  19. 
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After  the  terai nation  of  cutoff/dis connection  the  oil  level  in 
reservoir  6  proves  to  be  soaewhat  higher  than  in  tank  1;  therefore 
the  part  of  oil  overflows  froa  the  first  the  secondly  through  valve 
5. 


The  space  of  oil  in  tank  east  be  sufficient  for  an  arc 
extinction.  The  data  a  level  of  oil  is  shown  in  Pig.  17-16.  In  the  off 
position  of  switch  the  end/lead  of  slide  contact  nust  be  located 
higher  than  the  oil  level*  than  is  provided  the  gap  between  contacts 
in  air*  bnt  not  through  oil  which  can  be  contaainated*  since  its 
space  is  saall. 

The  saae  group  of  oil  breakers  includes  soviet  oil  breakers  of 
the  type  7HP-6T  (T  -  tropical  performance) whose  tanks  are  made  from 
insulation.  These  switches  are  also  intended  only  for  internal 
installation*  the  paraaeters  then  approxiaately/exenplarily  the  same 
as  switches  of  the  type  7HG-133  liable  P-lh). 

The  cyliaders  1  of  tanks  of  these  switches  are  aade  from 
glass-epoxy  with  reinforced  in  then  metallic  collars  2,  closed  with 
heads  3.  Proa  above  the  cylinder  of  tank  is  established/installed 
aetal  housing  h*  in  which  is  placed  the  aechanisa  of  slide  contact. 


i 
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Vitkin  tank  on  the  Dead  of  collar  is  established/installed 
notioalass  socket  contact.  Above  the  latter  is  placed  the  three* slot 
explosion  chaaber  of  transverse  blast,  sinilar  to  the  chanber/canera 
of  a  salt eh  of  the  type  VUG. 

The  sechanisns  of  slide  contacts  are  connected  with  the  shaft  5 
of  switches  with  insulating  rods  6. 
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Pig*  17-17*  Arc-suppression  device/equip sent  of  an  oil  breaker  of  the 
type  786-133.  a)  is  connected;  b)  the  cotoff/disconnection  of  the 
high  cerreat;  c)  the  cutoff /disconnection  of  low  current. 


Page  288 
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rot  the  connection  of  busbars  serve  tereinals/grippers  7  and  8. 
Terainal/gripper  7  is  connected  with  the  novable  contact  bar  through 
the  roller  collector  shoe  gear;  therefore  in  these  switches  do  not 
have  flexible  aenbers  of  slide  contacts  as  the  switches  of  the  type 
VHG  (5  in  Pig.  1 7-15) . 

In  the  upper  part  of  hoesing  4  is  placed  the  oil  separator. 

The  epper  ends/faces  of  the  connatator  bars  of  socket  contacts 
and  the  eads/leads  of  the  aovable  contact  bars  are  equipped  with 
soldering  of  the  high-aelting  ceraaic  aetal,  which  provides 
arc-resistance  of  contacts  with  the  cutoff /disconnect ion  of 
short-circuit  currents. 

Switches  of  the  type  VHP  have  saaller  overall  sizes  and  weight 
in  coaparison  with  switches  of  the  type  ?HG;  therefore  during  their 
nse/applicatioa  can  be  reduced  the  overall  sizes  of  distributor. 
Especially  large  savings  is  reached  at  their  use/application  in  cubic 
switchboard*  the  aanufactured  with  plants  in  the  fora  separate 
cabinets*  supplied  to  aountiag  in  the  conpletely  coaplete  and 
asseabled  fore  (Tol.  2*  chapter  9). 
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Oil  bnakars  with  two  metallic  tanks  to  phase  (six-tank) 
received  very  vide  acceptance  in  the  electrical  devices  of  large  and 
average/sean  power  by  voltage  to  20  kT  inclusively,  ill  these 
switches  are  calculated  for  large  rated  currents  -  fron  2000  \  and 
aore  they  are  intended  only  for  internal  installation. 

The  representative  of  this  group  of  oil  breakers  is  a  switch  of 
the  type  060  229  (oil  generator*  pot),  very  propagated  on 
poverfol/thick  Soviet  electrical  devices  by  voltage  6  and  10  kv. 
Scheaatic  die gras  on  two  tanks  of  one  phase  of  this  switch  is  given 
in  Pig.  17-19.  Since  switch  is  calculated  for  large  rated  current, 
then  on  each  gap  are  two  pairs  of  the  contacts:  workers  4  and  *>, 
placed  in  air*  and  arc-suppression  6  and  9,  placed  in  tanks  1, 
oil-filled  13.  (lotionless  sake  contacts  a  are  carried  out  in  the  form 
of  the  contact  knives*  established/installed  on  the  heads  of  tanks, 
(lovable  working  finger  contacts  5  (chapter  12*  Pig.  12-12  or  12-13) 
are  festened/strengthened  to  the  copper  plate  of  6*  contact 
crossbeads  6.  working  contact  surfaces  silver. 

The  aotionless  arc- suppression  socket  contacts  (see  also  Fig. 
17-20)  are  festened/strengthened  to  the  copperplated  bottoms  of 
tanks.  lovable  arcing  contacts  9  are  carried  out  in  the  form  of  rods 
end  are  fastened/strengthened  to  aluminum  crosshead  6. 
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Contact  9  is  isolated/iasulated  fro*  tha  head  of  tank  by  wall 
entrance  insulator  10* 

Currant-conducting  busbars  coanact  up  contact  corner  irons  3  on 
tha  cast  iron  heads  of  2  tanks.  Tanks  are  established/installed  on 
stand-off  isolators  12. 

In  tha  connected  position  of  switch  (Pig.  17-I9ai  current 
flows/occurs/lasts  aainly  through  the  head  of  2  tanks,  aake  contacts 
*  and  5  and  copper  plate  6*  as  this  is  shown  by  heavy  line  with 
rifle aaa/ pointers.  Through  the  arc-suppression  outline  (left 
terainal/gripper  3.  head  2,  tank  1.  receptacle  8.  rod  9.  to  pole  arm 
6.  rod  9.  receptacle  8.  tank  1.  head  2.  right  terainal/gripper  3) as 
that  it  is  shown  by  thin  lines*  with  rif leaan/pointers. 
flows/occurs/lasts  very  insignificant  current,  since  active  and 
in d active  reactances  of  this  outline  are  considerably  wore  than 
working  outline. 
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aull  space  of  oil  with  two  tusks  to  phase,  a)  the  connected 
position;  b)  the  process  of  cutoff/disconnection. 

Page  269. 

Therefore  the  section  of  arcing  contacts  is  saall,  since  they  are 
designed  only  for  short-tern  flow  of  current  with 
cat off /disconnect! on. 

Bith  cutoff /disconnection  (fig.  17- 19b)  contact  cross  head  6, 
fa stoned/ strengthened  to  rod  7,  is  noved  upward,  in  this  case  are 
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first  broken  sake  contacts  4  and  5  on  both  gaps  and  entire 
disconnected  current  is  fixed  through  arc-suppression  outline 
indicated  above.  Then  are  broken  arcing  contacts  8  and  9,  between 
which  is  forned  the  electric  arc. 

For  facilitating  the  arc  extinction  each  switch  tank  is  built  in 
the  chaeber/caaera  of  transverse  oil  blast  11,  aade  from  the  boiled 
thoroughly  in  oil  tree/wood  and  fixed  to  the  head  of  tank  with  the 
aid  of  wooden  struts  with  suppleaentary  bakelite  insulation  (9  in 
Fig.  17-20).  Through  central  opening/aperture  is  passed  the  movable 
rod,  which  in  the  connected  position  wrings  out  two  brass 
shutters/ valves,  equipped  with  springs. 

In  the  beginning  of  cutoff/disconnection  the  arc  appears  between 
the  end/lead  of  the  aoviag/driving  upward  rod  and  the  notionless 
socket  contact.  During  further  notion  of  rod,  i.e.,  along  its  output 
froa  the  lower  part  of  the  tank,  brass  shutters/valves  begin  to  flap 
and  is  forned  the  second  arc  between  shutters/valves  and  end/lead  of 
the  rod  (Fig.  17-2 1b).  transverse  blast  in  average/wean  channel  is 
created  due  to  the  gas  pressure  in  the  lover  part  of  the  tank.  The 
process  of  deionization  and  arc  extinction  proceeds  in  the  manner 
that  it  was  stated  earlier. 


With  the  cutoff /disconnection  of  high  currents  the  pressure  in 
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the  lower  part  of  tha  task  proves  to  be  so  considerable  and 
transverse  blast  by  such  energetic  that  the  arc  finally  goes  out  upon 
first  or  second  transfer  of  the  current  through  zero  after  the  onset 
of  transverse  blast.  In  the  case  of  diverging  the  low  currents  when 
pressure  in  the  lower  part  of  the  tank  is  snail,  arc  is 
involved/tightened  into  the  opening/aperture  of  the  upper  neck  of  4 
chaabers/caaeras  (Pig.  17-20  and  17-21)  and  as  a  result  of 
considerable  length  it  gees  out. 

In  chanber/canera  there  are  filled  with  air  buffer  spaces  15 
(Pig.  17-20)  whose  role  was  presented  earlier. 

The  space  of  oil  in  each  tank  (approxiaately/exenplarily  9  \)  is 
determined  by  the  conditions  for  arc  extinction,  oil  level  must  be 
such  that  in  the  off  position  between  end/lead  of  the  rod  and  oil 
there  would  be  the  sufficient  air  gap  (reasons  for  this  were  shown  in 
the  exasination  of  switches  of  the  type  TfiG)  „ 
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Fig.  17-20.  ruk  of  an  Oil  breaker  of  the  typo  HGG  229.  1  -  tank; 
insulation  of  the  tank;  3  -  head;  4  -  ping;  5  -  contact  knife; 
vail  entrance  insulator;  7  -  aultiplaxing  the  contact  bar;  8  -  oi 
seal;  9  -  brace  of  the  arc-suppression  chanber/caaera;  10  - 
chanber/caaera ;  11  -  shutter/valve  vith  the  springs;  12  -  Leather 
cuff;  13  -  contact  corner  irons;  14  -  socket  contact;  15  -  buffer 


space 
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M.g*  17-21.  Arc  extinction  i*  the  chaaber/caaera  of  an  oil  breaker  of 
the  typo  HGG  229.  1  -  aotionless  socket  contact;  2  -  the  contact  bar; 
3  -  chaeber/caaera  of  the  transverse  blast;  4  -  neck;  5  - 
shatter/valve  with  springs. 


Page  270. 


To  avoid  the  overlap  between  the  aovable  contact  bar  and  the 
tank  inside  the  latter  is  inserted  the  cylinder  froa  electrical 
cardboard  (Pig.  17*20) . 

After  the  onset  of  blast  (Pig.  17-21b)  into  the  upper  part  of 
the  tank  are  blovn  out  the  decoapositioa  products  of  oil.  Proa  tank  i 
gases  eater  oil  separator  9,  available  on  each  tank  (Pig.  17-22).  oil 
separator  (bakelite  tube)  is  filled  with  porcelain  balls/spheres. 
Heated  and  ionised  gases,  which  contain  a  large  quantity  of  hydrogen. 
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passing  oil  separator,  act  cooled  and  ara  deionized,  and  than  through 
porcslain  tabs  with  10  tfaaj  sntac  gas-bleeding  tube  11.  oil  from  oil 
separator  leaks  off  back  into  tank.  The  gas  vents  of  all  tanks 
connect  and  derive/conclude  outside  distributor. 

All  sis  switch  tanks  are  established/installed  on  overall  steel 
fraae  4.  Since  tanks  are  located  under  voltage,  then  froa  frame  th°y 
are  isolated/insulated  by  porcelain  stand-off  insulators  3.  cn  each 
tank  there  is  oil  indicator  tube  with  2. 

For  decreasing  the  distance  between  the  tanks  of  different 
phases  aad  for  the  purpose  of  warning/prevention  of  the  overlap 
between  then  are  established/isstalled  detachable  insulating 
partitions  8. 

In  the  upper  part  of  the  fraae  is  fasteaed/strengthened 
general/coaaon/total  shaft  by  6  with  rocker  shaft  ara  7, 
disconnecting  springs  5  and  drive  nechanisns  of  phases.  Fraae  and  gas 
vents  ground. 

it  present  plant  "electrical  device"  nanufactures  six-tank 
switches  with  snail  space  of  oil  of  the  type  KG-10  (oil  pot)  to  10 
kf,  5  ki  aad  1800  HVA  and  type  SG-20  on  20  k¥,  6  kA  and  3000  iva 
•t/able  P-14).  These  switches  are  the  nodernized  constructions/designs 
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the  previously  aanufactured  switches  of  typos  HGG  229,  NGG-529  and 
866-20.  Switches  of  typos  8G-1Q  sad  86-20  are  characterized  by  from 
the  previously  released  switches  the  wore  advanced 
constrnctioa/design  of  the  series/row  of  parts.  Because  of  the 
use/application  of  arc-sappression  chaabers/caaeras  of  the  inproved 
constrnctioa/design  is  achie ved/reached  a  soaewhat  larger 
discoaaectiag  ability  of  new  switches.  General  view  of  the  switches 
of  types  BG-10  and  RG-20  is  shows  ia  Pig.  17-22. 

Bsseatial  def icieacies/iachs  ia  the  six-tank  switches  of  the 
eaaserated  types  are  their  large  overall  sixes  and  sufficiently 
considerable  weight. 

Bore  coapact  and  lwsg  are  aenefactared  with  plant 
"Oralelektroapparat"  six-tank  oil  breakers  of  the  type  HGG— 1 0  on  1 0 
kT,  2-3  ki  and  500  AVI  (Pig*  17-23).  In  these  switches  are  used  the 
described  earlier  tanks  of  oil  breakers  of  the  type  thg-133. 

Tripping  tlae  of  the  switches  of  types  VBG,  hgg  and  hg  is 
0.  1-0.2  s. 

Snail  volaae  oil  breakers  to  voltage  35  kf  aanufactures  plant 


"electrical  device"  ia  two  versions:  type  RG-35  for  external 
installations  and  type  8G-35I  for  internal  installations  (n  -  oil,  g 
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-  pot).  loainal  power  of  tJio  cutoff/disconnwction  of  these  switches 
500  B?I. 

Pig.  17-2*  shows  the  general  view  of  a  switch  of  the  type  no- 35. 
Three  phases  of  switch  are  aooated  on  overall  welded  frane  1, 
established/installed  on  two  supports  2  of  the  sectional  steel.  Frane 
is  grounded. 

ffithin  fraae  are  arranged/located  the  crank  aechanisas  of  the 
phases  which  are  connected  with  geaeral/connon/total  thrust/rod.  The 
latter  with  the  aid  of  hinged  linkage  is  connected  with  the 
thrust/rod  of  electroaagnetic  actuator  3. 

The  nechanisn  of  each  phase  with  the  insulating  thrusts/rods  is 
connected  with  the  aovable  contact  bar  which  with  start  and 
cutoff/disconnection  of  switch  is  sowed  within  the  insulating  plug, 
cloned  with  porcelain  covers  *  and  5.  fastened/strengthened  to  frame 
1.  Proa  below  lower  cover  5  is  fastened/strengthened  arc-suppression 
chaaber/caaera  6.  in  which  there  is  a  fixed  contact. 


<20*0  (&>*) 

Pig.  17-22.  la  oil  breaker  of  tbo  typo  BG-10  (in  brackets  are  shown 
the  sixes/diaeasions  of  a  switch  of  the  type  BG-20) . 

Page  271. 

Gas-b leading  device/equipaeat  7.  located  la  the  top  part  belcw  the 
cower  5.  The  oil  level  la  spark  extinguisher  Is  aonitored  on  oil 
ladlcator  tabe  with  8,  aade  froa  organic  glass. 

The  basbars  of  distributor  teralaate  9  and  10.  Terainal/gripp® 
9  by  flex  conductor  is  connected  with  upper  end  of  the  aovable 
contact  bar.  which  are  located  la  aetallic  cap/hood  11. 
Teraiaal/grlpper  10  is  electrically  connected  with  fixed  contact  in 
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uc*aappr«Hioa  chaaber/caaera*  Path  of  carraat  with  the  connected 
switch:  tor alaal /grippes  9  -  coatact  bar  -  fixed  contact  in 
chaaber/caaera  6  *  terainal/gripper  10. 

Oa  each  phase  there  are  two  built-in  current  transformers,  put 
oa  to  the  plug,  in  which  noves  the  contact  bar,  and  with  enclosed 
casing  12.  As  the  priaary  winding  of  these  current  transforaers 
serves  aovable  contact  bar.  Oa  jackets  12  are  provided 
supports/ sockets  13  for  the  attachaent  of  stand-off  insulators  14  (is 
shown  stick  insulator) ,  used  for  aaintenance  current-carrying 
busbars. 

Lever  IS  is  sechaaical  position  indicator  of  switch.  Switch  and 
its  drive  are  established/installed  on  reinforced  concrete  bed  16. 

Pig.  17-25  are  gives  two  bits  of  the  arc-suppression 
chaaber/caaera,  shown  during  the  cutoff /disconnect ion  of  switch. 


rig,  1WJ.  ta  oil  brasher  of  the  typo  hcs-10  on  10  kv,  2000  k,  50  0 
HTA.  1  -  fraae;  2  -  drive  aechaaiss;  3  -  shaft;  4  -  lover;  5  - 
throat /rod  to  the  drive;  6  ~  atay  rod;  7  -  insulating  rod;  6  - 
contact  crosshead,  which  carries  the  slide  contacts;  9  -  the  sake 
contacts;  10  -  tersinala/grippers  for  the  connection  of  the  busbars; 
11  -  tank,  12  -  stand-off  insulator;  13  -  oil  gauge;  14  -  insulating 
partition* 
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Pig.  17-24.  Oil  switch  type  MG-35  for  35  kV,  600  A,  500  MVA  with 
the  olcctro-maernetio  drive  tvne  ShPS-PO  fnr>  prtprnai 
unit . 

lay:  (1).  It  is  not  less. 


P4ge  272. 


By  iasalatiag  disk  1  cbaitat/ciMEi  is  divided  into  two  pacts.  Lower 
2  ars  gas-generating  pact  of  tbe  cbaaber/caaera,  and  appec  3  - 
arc-sapprassioa. 

Coatact  device  consists  of  fiaad  contact  4V  iateraadiate  contact 
S  aad  aovable  coatact  bac  6. 
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Fixed  contact  4  is  established/installed  on  the  clanp  of  ? 
inter Mediate  collars  8.  To  the  latter  is  fastened/strengthened 
ter aina 1/gripper  by  9  for  the  connection  of  the  current-carrying 
busbar. 

The  steel  housing  2  of  gas-generating  parts  of  the 
chaaber/easera,  intermediate  collar  8  and  disk  1  are 
fastened/strengthened  to  the  collar  of  porcelain  cover  20. 

Interasdiate  contact  5  is  fastened/strengthened  between  two 
insulating  cheeks  15,  which  can  be  turned  on  axis  18.  Intermediate 
contact  is  equipped  with  spring  16  and  lever  system  (1.  The  latter  is 
connected  with  piston  rod  19,  which  is  located  within  cylindrical 
turning  is  disk  1. 

The  gas- generating  part  of  the  ckaaber/caaera  with  the  aid  of 
openings/apertures  21  in  disk  1  is  cosaunicated  with  the  upper 
arc-suppression  part  of  chaaber/caaera  3. 

Upon  the  start  of  switch  slide  contact  6  enters  kv 
chasber/casera  3  and,  in  passing  by  it,  it  rests  into  upper  spherical 
fora  ths  cap  of  intersediate  contact  5.  The  latter  is  turned 
clockwise,  spring  16  is  presssed.  In  end  lover  position  the  right 
flat/plaae  cap  of  contact  5  is  pressed  against  fixed  contact  4.  Path 


f 
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of  current  in  the  connected  position  of  the  switch:  slide  contact  6, 
inter eed late  contact  5,  fixed  contact  4,  clanp  7,  terninal/gripper  9. 

iith  the  cutoff/disconasctlon  of  switch  slide  contact  6  moves 
upward,  ire  first  broken  contacts  *  and  5 ,  between  which  appears 
gas-generating  arc  22.  Pressure  in  chaaber/canera  2  is  raised. 
Internediate  contact  under  spring  effect  16  follows  the  slide 
oontact.  If  is  disconnected  relatively  snail  current,  then 
internediate  contact  is  turned  until  it  is  rested  into  disk  1,  make 
tight  its  central  opening/a pert ore  11.  In  this  case  gas-generatinq 
the  friend  reaches  the  aaxiaua  length.  After  this  slide  contact  blows 

away  froa  internediate  and  between  then  appears  quenched  an  arc  23. 

/ 

Dnder  effect  of  pressure  in  the  gas- generating  part  of  the 
chaaber/Casera  oil  fron  it  through  openings/a pert  ores  21  in  disk  1 
and  slot  10  and  12  in  the  upper  part  of  chanber/canera  3  falls  into 
the  field  of  the  quenched  an  arc,  near  which  occurs  the  violent 
generation  of  gas.  The  gases,  which  escape  froa  slot  10,  create 
longitudinal  blast,  and  fron  slots  12  -  a  head-on  blast 
(a  rro ws/point er s  13). 
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Pig.  17-25.  Icc-npprtaaioo  chtatac/caMra  of  an  oil  breaker  of  the 
type  HG-35. 

Page  273. 

■ith  farther  extension  of  arc  is  opened/disclosed  upper  central 
opening/a pert are  15,  into  vhich  is  fixed  the  longitudinal  flew  of  gas 
14,  which  ensures  arc  extinction  with  any  snail  disconnected  current. 

In  the  case  of  the  cutoff/disconnection  of  high  current  in  the 
gas-generating  part  of  the  chaaber/caaera  is  created  the  large 
pressure  under  action  of  which  piston  19  is  displaced  upward. 
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Respectively  is  displaced  levee  sys tea  of  17  intermediate  contacts, 
as  a  resalt  of  which  decreases  the  coarse  of  the  interaediate 
contact:  it  is  stopped  earlier*  rather  than  it  will  reach  disk  1.  By 
these  is  liaited  the  length  of  the  gas- generating  arc  and, 
consequently,  also  the  value  of  pressure  in  the  gas-generating  part 
of  the  chaaber/caaera.  la  this  case  the  quenched  an  arc,  which  was 
being  foraed  between  stopping  ia  interaediate  position  contact  5  and 
rod  6*  is  extinguished  under  the  action  of  the  energetic  longitudinal 
gas  flow*  which  eaerges  through  the  gap  between  rod  6  and  walls  of 
central  opeaing/aperture  11  in  disk,  i.e.,  earlier  than  contact  6  it 
will  leave  this  central  opening/aperture. 

The  tripping  tiae  of  switch  with  the  cutoff/disconnection  of  its 
rated  current  of  cutof f /disconnection  is  approxinately/exeaplarily 
0.08  s.  Weight  of  oil  in  three  phases  of  approxiaately  36  kg. 

A  switch  of  the  type  HG-35V  for  internal  installation  greatly 
little  differs  froa  that  described:  in  terns  of  the  location  of  th» 
drive  which  in  this  case  is  established/installed  not  in  the  end/face 
of  switch  as  on  Pig.  17-24*  but  before  the  front  of  switch,  the 
soaewhat  saaller  length  cf  fraae  and  the  fulfillment  of  some  ether 
parts  [17-3]. 


Saall  volume  oil  breakers  to  voltage  110  kT.  To  the  voltaue 
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indicated  the  plant  "electrical  device"  aanufactures  a  snail  volume 
switch  of  the  type  HG-110  in  noninal  power  of  cotoff/disconnection 
2500  SVi,  intended  for  external  installation. 

Switch  hns  three  identical  phases  which  either  eechanically 
connect  np  one  asseably  with  coaaon  drive  (Fig.  17-26) ,  or  they 
supply  each  phase  with  independent  drive,  i.e.,  realize 
phase- by- phase  control. 

On  welded  fraae  1  is  established/installed  hollow  porcelain 
stand-off  insulator  2,  on  which  is  fastened/strengthened  the  housing 
of  3  aechanisns  of  the  notion  of  contacts  (23  in  Fig.  17-27a).  Toward 
the  housing  indicated  are  inclined  attached  two  arc-suppression 
chanbers/caneras  4,  equipped  with  energancy  valves  5  and  gas  bleeders 
with  oil  separators  6.  Teraiaals/grippers  7  and  8  serve  for  the 
connection  of  busbars. 

Stand-off  insulator  2,  housing  3  and  arc-suppression 
chanbers/caneras  4  are  oil-filled.  For  the  checking  of  the  level  of 
10  oils  serves  oil  aeter  tube  with  9. 

Within  frane  1,  established/installed  on  bed  11,  is  located 
shafting  of  12  phases  on  which  are  rigidly  fastened/strengthened 
rocker  shaft  aras  13  and  15. 
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HT1  with  electroaagnetic  actuator  of  the  type  ShPS-30. 

Page  274. 

Lever  13  is  hinged  connected  with  insulating  rod  14,  which  passes 
within  stand-off  insulator  2  and  in  housing  3  with  linkage  it  is 
connected  with  the  slide  contacts  of  arc -suppression 
ch  aaber s/caaer as . 

The  levers  of  15  three  phases  are  connected  with  rods  16  between 
theeselves  and  with  drive  18.  Within  fraaes  1  on  rods  16  are 
established/installed  disconnecting  springs  17. 
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The  section/cut  of  on*  ate- a oppress ion  chaaber/canera  of  the 
switch  is  question  is  given  is  fig.  17-27a.  The  contacts  of 
chasbsr/cassra  ars  shown  in  ths  off  position  of  switch. 

Chasbsr  casing  is  ssds  fro a  thick-walled  bakelite  cylinder  19, 
placsd  ins ids  porcelain  cover  4,  fastened/strengthened  inclined  to 
boosing  3. 

In  each  chasbsr /caaora  ars  thrss  end-type  of  the  contact: 
aotionlass  20,  inter nediate  21  and  novable  22.  First  two  are  equipped 
with  spriags.  Interaediate  coat act  is  established/installed  in  the 
openiag/apertore  of  textolite  disk  26,  which  divides  cylinder  19  into 
two  parts.  It  is  direct  above  ths  gap  of  contacts  20  and  21  is 
fastened/strengthened  textolite  partition  (barrier)  by  28  with  two 
slots  27. 

Slide  contact  22,  passing  through  the  central  opening/aperture 
in  figure  cellar  25  (nonaagnetic  cast  iron),  with  the  aid  of  linkage 
23  is  connected  with  rod  14.  The  slide  contacts  of  two 
chaabers/caseras  are  conaected  by  flexible  current-carrying 
coaaection/coaaanication  24. 

Proa  the  conbined  exaai nation  of  Fig.  17-26  and  17-2 7a  it  is 


possi  bl< 


that  upon  the  start  of  the  switch  when  drive  18  moves 
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rods  16,  rock or  shaft  arms  l^and  13  are  turned  against  the  rotation 
of  hoar  head  and  rod  1*  is  sowed  upward,  got ion  by  the  latter  through 
levers  23  is  transaitted  to  the  slide  contacts  of  22  both 
chaabers/caaeras.  la  passing  by  saall  distance,  slide  contact  rests 
in  iateraediate  contact  21  and  eovas  it  to  contact  with  fixed  contact 
20  (diagraa  in  Pig.  17-27b). 

fith  the  catoff/disconnectioa  of  switch  under  the  action  of  the 
disconnecting  springs  17  rod  16  aove  in  opposite  direction  and  rod  14 
is  sowed  downward,  driving  the  contacts  of  arc-suppressing 
chaabers/caaeras.  Pirst  all  three  contacts  of  chaaber/canera  move 
together.  Pirst  reaches  the  backstop  and  is  stopped  contact  20  and 
between  it  and  iateraediate  contact  21  it  appears  the  arc  of  small 
length  (*7  sa),  which  burns  in  iaaediate  proximity  of  slots  27  in 
partition  28.  Then  reaches  the  backstop  and  is  stopped  intermediate 
contact  and  between  it  and  slide  contact  it  appears  the  second  arc. 

As  a  result  of  evaporation  and  decoaposition  of  oil  by  the  arc,  which 
burns  between  contacts  21  and  22,  which  is  gas- gene rating,  pressure 
in  chaaber/caaera  sharply  increases,  and  oil  through 
openings/npertores  in  disk  26  (in  Pig.  17-27a  they  are  not  shown) 
begins  ietensely  to  be  forced  into  the  zone  of  the  quenched  an  arc, 
which  berms  between  contacts  20  and  21. 
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rif.  17-27.  Tk»  arc-nppcuaioa  ekabcr/ctMta  of  aa  oil  breaker  of 
the  typo  BG— 110  (is  continued  tbo  nuabering  of  the  parts  of  Fig. 
17-26| •  a)  the  off  position;  b)  the  diagrai  of  chaaber/caaera 
cat of f /disconnection • 


Pago  275. 

Becaase  of  the  presence  of  slots  27  appears  the  transverse  blast 
(diagrae  in  Pig.  17- 27c) ,  which  energetically  deionizes  the  quenched 
an  arc  and  its  ensuring  extinction. 


Thus,  in  the  chaaber/caaera  in  gaestioa  first  is  forned  the 
quenched  an  arc.  and  only  after  the  achieveaent  by  it  of  the  specific 
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length,  which  correspond®  to  width  of  both  slots  27,  is  foraed 
gas-generating  arc.  The  length  of  the  latter  is  not  constant  and 
depends  on  the  strength  of  disconnected  current:  the  greater  the 
disconnected  current,  by  the  fact  at  the  snaller  length  of  the 
gas-generating  arc  is  provided  the  necessary  pressure  for  the 
extinction  of  the  quenched  an  arc.  with  the  cutoff /disconnect ion  of 
the  rated  current  of  the  cutoff/disconnection  of  switch  the  tine  of 
arc  extinction  is  0.02-0.03  s,  and  the  f ull/total/coaplete  tripping 
tine  of  approxinately/exenplarily  0.08  s. 

Within  located  under  voltage  jacket  30  is  placed  spring  safety 
valve  29,  which  Units  pressure  in  arc-suppression  chaaber/canera 
with  the  cutoffs/disconnectioas  of  the  high  currents  (are 
opened/disclosed  at  a  pressure  sore  than  10  ata(tech)). 

Oil  breakers  of  the  type  8G-110  are  sufficiently  staple 
struct urally/construct orally  and  are  reliable.  As  deficiencies/lacks 
it  is  possible  to  note  the  coaparatively  saall  disconnecting  ability 
and  the  use  of  large-sise  large-diaseter  porcelain,  which  will  raise 
in  price  switch  and  increases  its  weight:  the  weight  of  oil  in  three 
phases  is  690  kg  with  the  total  weight  of  switch  with  drive  4.3  t. 

Are  true,  these  weight  characteristics  considerably  better  than  the 
analogous  characteristics  of  aulti-voluaetric  oil  breaker  to  the  same 
voltage  of  the  type  RKP-110  (weight  of  oil  8.5  t  and  total  weight 
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18.3  t) ,  bat  it  is  nevertheless  still  grsat. 

Bcisf  inf  ornati  on  about  tbs  for  sign  constructions/designs  of 
ssall  voluae  oil  breakers.  Abroad  construct  saall  volune  switches  to 
all  is  practice  used  voltages  and  at  power  the  cotoffs/disconnections 
to  1^000  BVA. 

At  voltages  to  35  kV  ssall  voluse  switches  construct  both  with 
the  steel  tasks  and  with  tasks  fros  insulation.  All  these  switches 
have  sasp  si si la r  features  with  the  ssall  voluse  oil  breakers  of 
Soviet  plssts. 


Is  ssall  voluse  oil  breakers  to  large  voltages  are  used 
extensively  the  porcelain  eleaests/cells  of  snail  dianeters,  which 
sot  only  considerably  facilitates  and  reduces  the  cost  of  switches, 
hut  it  sakes  it  possible  to  reach  the  large  power  of 
cutoff /disconnect ion. 

In  recent  years,  some  European  firms  are  manufacturing  low- 
capacity  oil  switches  of  the  suspension  type  for  external  40-60  kV 
units.  They  are  suspended  on  the  garlands  of  insulators  for  metal 
or  ferroconcrete  portals  of  distributing  units. 


Pig.  17-28  is  the  fern  of  as  exaaple  schematically  shows 
suspension  oil  breaker  to  220  kV  and  power  of  cutof f/disconnection 
5000  8VA  (firs  Dell,  Prance).  Bach  phase,  carried  out  in  porcelain 
housing  1,  is  suspended/hung  to  support  2  fren  four  garlands  of 
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suspension  insulators  3. 

Suspension  switches  have,  as  a  rule,  phase-by- phase  control, 
realised  by  a  aechanisa,  which  cos poses  one  whole  with  the  phase  of 
switch  and  which  are  located  under  voltage.  Effect  on  this  drive 
aechanisa  of  phase  is  realised  reaotely  with  the  aid  of  pneusatic  (by 
cospressed  air)  or  oil~pneuaatic  (by  pressure  oil  control,  in  both 
cases  the  cabinet  of  control  of  4,  adjusted  at  the  level,  convenient 
for  naintenance/ser vicing,  is  connected  with  the  phase  of  switch  by 
tubes  froa  insulation,  prisoners  inside  porcelain  tube  5. 

Thus,  suspension  switches  do  not  have  coaplicated  drives,  common 
for  other  types  of  oil  breakers,  and  also  there  are  no  coaplicated 
drive  nechanisas,  which  connect  the  phases  between  thenselves  and 
with  the  drive;  are  naxiaally  siaplified  the  drive  aechanisms  of 
independent  phases.  All  this  considerably  siaplifies  the 
construction/design  of  switches,  increases  the  reliability  of  their 
operation,  it  decreases  their  cost/value  and  siaplifies  operation. 

Since  the  phases  of  such  switches  are  suspended  on  string 
insulators,  then  already  there  is  no  need  for  applying  expensive 
porcelain  covers  for  the  arc-arresting  devices/eguipaent,  and  it 
proves  to  be  possible  to  perfora  these  covers  froa  another,  cheaper 
and  nore  reliable  insulation  (17*1  and  17-4]. 
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Overall  liita  and  weight  of  suspension  snail  voluae  oil  breakers 
are  considerably  less,  rather  than  aulti-voluaetric  oil  breakers  to 
the  sane  paraneters.  For  exaaple,  if  the  weight  of  three  phases  of 
suspension  switch  on  220  k¥  of  the  construction/design,  sinilar  to 
that  shown  in  Fig*  17-28,  is  approxiaately/exeaplarily  7-7.5  t,  then 
weight  aalti-wolnse  oil  breaker  to  the  sane  voltage  even  with  the 
nost  rational  forn  of  tank  (for  exaaple,  according  to  the  type,  given 
in  Fig.  17-11)  is  approxiaately/exeaplarily  30-36  t,  i.e. ,  4-5  tines 
larger*  Is  reached  a  considerable  savings  of  netal  and  insulation. 

17.4*  Auto-gas  switches. 

The  arc-8nppressioa  devices/egoipnent  of  auto-gas  switches 
supply  with  launcher  adapters  of  the  electrical  insulating  material, 
which  generates  gases  under  the  action  of  the  high  teaperature  of 
arc*  These  gases  are  utilised  for  an  arc  extinction. 

Is  gas-generating  aaterial  can  be  used  the  fiber,  organic  glass. 


etc* 
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Pi 9*  17-28.  Ditfru  of  iuUllttioi  of  suspension  saall  voluae  oil 
breaker  on  220  kf,  5000  flVA. 


Pago  276. 

organic  glass  was  widely  applied  as  a  result  of  the  large 
gas-generating  ability  and  a  saall  wearability  under  the  action  of 
electric  arc. 

Poraing  gases  can  be  used  for  organizing  the  longitudinal  or 
transverse  blast.  Larger  effect  gives  the  transverse  blast  when  it  is 
possible  to  create  the  aore  inti sate  contact  of  arc  with  the  surface 
of  the  gas-generating  aaterial*  as  a  result  of  which  is  provided  mere 
intense  generation  of  gas  and  blast.  Is  utilised  also  the  effect  of 
narrow  slot. 


Pig.  17-29  shows  general  view,  while  in  Pig.  17-30  - 
arc-suppression  chaaber/caaera  of  an  auto-gas  switch  of  the  type 
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Y6-10  (switch  gas-generating)  of  plant  "electrical  device"  to  nominal 
voltage  10  kV  and  power  of  cutoff/disconnection  300  BYA. 

The  honsing  of  arc-suppression  chaaber/canera  is  aade  from  two 
getinax  plates  1  and  placed  between  then  textolite  insert  2.  inside 
which  there  are  longitndinal  and  transverse  channels.  In  longitudinal 
channel  are  located  aade  froa  organic  glass  launcher  adapters  u  and 
shatter/valve  5;  the  latter  are  equipped  with  springs  6. 
Chaaber/canera  is  tightened  by  pins  7. 

On  contact  bar  8  are  attached  motionless  point  contacts  by  9 
with  guard  ring  10  (according  to  the  type  of  the  contacts,  given  in 
Pig.  12-1*». 

Opon  start  flat /plane  slide  contact  (8  in  Pig.  17-29)  enters 
between  plates  3,  it  separates/expands  shutters/valves  5  and  then  it 
enters  into  fixed  contacts  9.  In  the  connected  position  transverse 
channel  1*,  which  coaaunicates  buffer  space  13  with  gas  bleeder  11, 
is  overlapped  by  the  body  of  slide  contact. 

In  the  process  of  cutoff/disconnection  the  arc  first  is  formed 
between  fixed  contacts  and  contact  knife,  but  after  the  output  of  the 
latter  fron  guard  ring  10  arcs  burn  between  this  ring  and  slide 
contact.  Onder  the  action  of  the  high  tenperature  of  arc  is 
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separated/liberated  a  large  quantity  of  gases  and  pressure  in  the 
upper  part  of  the  chasber/caaera  is  raised.  Valve  12  is 
opened/disclosed «  and  space  13  is  filled  with  gases  under  pressure. 

As  soon  as  knife  will  discover  transverse  channel  14,  appears  intense 
transverse  blast. 

Bases  from  space  13  rush  through  a  narrow  rectangular  channel 
to  a  gas  outlet,  carrying  the  arc  along  behind  them.  A  close 
contact  of  the  arc  with  the  walls  of  the  narrow  channel  is  created 
which  intensifies  the  evolution  of  gas  and  the  de-ionization  of  the 
arc.  The  arc  is  finally  extinguished  with  the  first  or  second 
passing  of  the  current  through  zero  after  the  start  of  blast. 

In  tho  cnso  of  the  cutoff /disconnection  of  low  currents  when 
prossuro  in  spaco  13  is  saall.  ths  spend  of  blast  is  snail  and  arc 
extinction  is  involved/tightened.  During  further  notion  of  slide 
contact  the  arc  is  lengthened  also  on  its  output  fro.  shutters/valv*s 
5  latter  converge  and  fasten  arc.  Arc  proves  to  be  burning  in  the 
narrow  slot  betweea  shutters/ valves  fro.  the  gas-generating  material, 
which  provides  its  deionization  and  extinction. 

The  tripping  tine  of  switch  with  the  cutoff/disconnection  of  the 

rated  currsnt  of  cutoff /disconnect ion  is  approxi.ately/exe.plarily 
0.14  s. 
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The  expenditure  of  the  gas- generating  uttclil  for  each 
cut off /disconnection  is  snail*  the  sost  abraded  parts  are  carried  out 
interchangeable. 

Gas  bleeder  11  is  filled  vith  the  short  cats  of  the  copper  tubes 
passing  between  which  gases  they  are  cooled  and  they  are  deionized. 


Advantages  of  the  switch:  explosion-  and  fire  safety,  absence  of 
the  liquid  arc-arresting  aediua,  operational  sinplicity. 
Deficiencies/lacks:  considerably  greater  weight  and  cost/value  in 
coaparison  with  snail  voluae  oil  breakers  of  the  type  VNG-13  3,  which 
have  noreover,  and  the  best  paraaetsrs. 
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Pig.  17-29.  tuto-gas  salt eh  of  the  type  VG-10  on  10  kv,  4  00*',  3 00 
RTA.  1  -  arc-suppression  chanber/canera;  2  -  gas  bleeder;  3  and  4  - 
terainals/grippers  for  the  connaction  of  the  busbars;  5  and  6  -  the 
stand-off  insulators;  7  -  fraaa;  8  -  flat/plane  slide  contact;  9  - 
slipping  contacts;  10  -  currant-carrying  bus;  11  -  getinax  lever;  1 
-  shaft;  13  -  disconnecting  springs;  14  -  including  spring;  15  - 
clutch  nagnat;  16  -  disconnecting  alactroaagnet ;  17  -  isolating 
partitions. 
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Pig.  17-30. , Arc- suppression  chaalwc/caaera  of  an  auto-gas  switch  of 
th«  typa  TG— 10. 


Kew'.(iY  Cross 
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Page  277. 

A  switch  of  the  type  VU-1U  has  switching  on  spring  14,  which 
they  start  with  the  aid  of  annual  rigging.  In  order  to  bring  spring, 
it  is  necessary  by  the  nandle  of  drive  to  complete  four  aotions 
(downward  -  upward  -  downward  -  upward) .  The  brought  spring  is  held 
by  trip  and  proves  to  be  that  engaged  through  the  aechanisa  of  the 
free  release  (see  §15-2)  with  rocker  shaft  an  on  the  shaft  of 
switch.  For  the  start  of  switch  it  is  necessary  to  free  the  trip 
indicated,  which  holds  the  switching  on  spring  in  the  stretched 
state.  This  is  done  by  hand  with  the  aid  of  the  special  lever  (in 
Fig.  17-29  it  is  not  shown)  or  is  renote  with  the  aid  of  clutch 
nagnet  15,  the  feed  circuit  of  which  close  with  the  aid  of  the 
appropriate  knob/button  cr  key/wrench  controls. 

If  we  with  the  connected  switch  bring  the  switching  on  spring, 
then  after  cutof f/discon sect ion  under  the  action  of  relaying  it  can 
be  connected  conversely  (single  autonatic  reset). 


If  necessary  the  switch  can  be  equipped  with  electronagnetic 


I 
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actuator  of  direct  current. 


Switches  of  the  type  VG-10  are  suitable  only  for  internal 
installation. 


To  the  voltages  of  above  10  kV  auto-gas  switches  do  not 
nanufacture  as  a  result  of  difficulties  in  the  achievenent  of  the 
necessary  insulation. 

17-5.  Air  circuit  breakers. 


General  inforaation.  In  air  circuit  breakers  the  arc  is 
extinguished  with  the  aid  of  blast  by  the  conpressed  air,  which 
enters  froa  the  reservoir,  established/installed  near  switch  or, 
which  is  aore  frequently,  that  constitutes  one  whole  with  its 
foundation  (fraae,  trolley).  Into  the  reservoirs  of  switches  the 
conpressed  air  cones  froa  blowing  plant. 

Air  circuit  breakers  work  at  different  air  pressure,  it  is  aore 
frequent  at  a  pressure  8  -20  at  a  (gage).  So,  Soviet  switches  are 
calculated  for  noainal  air  pressure  in  reservoirs  20  ata(gage). 

The  arc-suppression  devices/eguipaent  of  air  circuit  breakers 
are  perforned  with  one  and  several  disruptions  in  phase  and  with 
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longitudinal  or  transverse  air  blast. 

Let  us  becone  acquainted  with  the  principle  of  equipment  and 
work  of  air  circuit  breakers  based  on  the  exaaple  of  the  simplest 
switch  with  one  disruption  to  phase  and  longitudinal  blast  whose 
diagrae  is  given  in  Fig.  17-31;  there  is  shown  the  schematic  diagram 
of  control  of  switch. 

Upper  part  1  is  arc-suppression  chaaber/caaera,  and  lower  2  -  by 
the  air  drive,  which  uses  for  start  and  cutoff/disconnection  of 
switch.  Busbars  terminate  11  and  12.  Path  of  current  in  the  connected 
position:  terainal/gripper  11  -  the  cover/cap  of  5  chaabers/caaeras  - 
■otionless  tubular  contact  4  -  aovable  circular  contact  3  -  slipping 
contacts  9  -  ferrule  8  -  terainal/gripper  12. 

The  coapressed  air  can  enter  switch  froa  the  reservoir  through 
disconnecting  OK  or  switching  on  VK  relief  valves  which  can  be  opened 
by  hand  or  reaotely  with  the  aid  of  with  respect  disconnecting  OE  or 
switching  on  V8  of  the  electroaagnets  whose  circuits  are  closed  by 
the  knob/button  of  cutoff/disconnection  0  or  by  the  knob/button  of 
start  7.  During  functioning  of  the  relay  of  protection  RZ  the  switch 
is  disconnected  autoaatically. 


With  cutoff/disconnection  the  coapressed  air  froa  the  reservoir 
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through  the  valve  OK  enters  arc-suppression  chaaber/caeera  1  and  into 
the  upper  part  of  the  cylinder  of  2  drives.  Under  the  action  of  the 
coepressed  air  piston  10  is  aoved  downward.  Together  with  piston  is 
aoved  downward  slide  contact  3;  between  contacts  3  and  4  is  foraed 
the  arc.  Since  up  to  this  aoaent/torgue  chaaber/caaera  1  proves  to  be 
that  filled  with  the  coapressed  air.  then  siaultaneously  with 
striking  of  the  arc  the  coapressed  air  is  fixed  into  the 
opening/aperture  of  contact  4  and  blows  out  the  encountered  on  its 
path  arc  as  this  shown  in  the  diagraa  a  Pig.  17-31.  Proa  the  internal 
cavity  of  contact  4  air  falls  into  the  cap/hood  of  6  explosion 
chaabers  and  through  openings/apertures  7  eaerges  outside.  Is 
especially  energetically  arc  gap  is  deionized  at  the  noaent  of 
transiting  the  current  through  zero.  Usually  the  process  of 
extinguishing  of  arc  concludes  upon  first  or  second  transfer  of  the 
current  through  zero. 

The  circuits  of  the  electroaagnets  of  control  OB  and  VE  are 
brought  through  blocking  contacts  of  the  type  KSA,  connected  with  the 
aovable  systea  of  switch. 
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Pig.  17-31.  Schematic  of  the  de vice/e quipment  of  air  circuit  breaker 
without  separator  and  scheaatic  diagraa  of  control  of  it. 

Key:  (1).  Proa  storage  battery.  (2).  reservoir  of  coapressed  air. 

(3).  Air  OK  to  cutoff/disconnection.  (4).  Proa  blowing  plant.  (5). 

Air  for  start. 

Page  278. 

During  coapletion  of  process/operation  the  contacts  KSA  automatically 
are  changed  over,  the  circuit  of  the  electromagnet  of  the 
corresponding  valve  is  disrupted  and  valve  is  closed  -  air  supply 
ceases. 


In  the  end  lower  position  of  slide  contact  is  provided  the 
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necessary  air  gap  between  contacts  3  and  %,  i.e.,  the  insulation  of 
disruption  at  atnospheric  air  pressure  in  chaaber/caaera. 

In  the  exaained  siaplest  switch  with  longitudinal  air  blast  the 
contacts  in  the  process  of  cutoff/disconnection  always  diverge  and 
arc  length  increases,  until  it  finally  goes  out.  It  is  logical  that 
in  this  switch  for  decreasing  the  tripping  tine  the  rate  of  the 
notion  of  contacts  nust  be  possibly  greater. 

The  studies  of  air  circuit  breakers  showed  [17-5  and  17-6]  that 
the  best  conditions  for  the  extraction  of  electric  arc  in  the 
longitudinal  flow  of  the  coapressed  air  are  reached  at  certain 
specific  distance  between  contacts,  which  depends  on  the  value  of 
voltage,  the  disconnected  current,  the  air  pressure  and  series/row  of 
other  factors.  Therefore,  if  the  contacts  of  switch  at  a  high  speed 
dilute  up  to  the  considerable  distance,  necessary  for  achievenent  of 
the  proper  value  of  the  insulation  of  disruption,  then  at  the  aoaent 
of  transition/ junction  through  zero  arcs  currents  the  distance 
between  contacts  proves  to  be,  as  a  rule,  not  equal  to  optiaun  for 
the  conditions  for  arc  extinction,  that,  naturally,  it  Manifests 
itself  the  value  of  the  disconnecting  ability  of  switch. 

Therefore  aost  rational  is  rapid  separation  of  the  contacts  of 
switch  only  up  to  such  distance,  with  which  are  provided  the  best 
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conditions  for  arc  extinction.  Bat  this  distance  is  usually  so  ssall 
that  it  cannot  ensnte  the  necessary  insulation  of  disruption  at 
atnospheric  air  pressure*  i.e. «  after  the  cessation  of  the  supply  of 
the  coapressed  air  into  explosion  chaaber. 

In  air  circuit  breakers  with  longitudinal  blast  the  best 
conditions  for  arc  extinction  with  the  subsequent  guarantee  of  the 
proper  insulation  of  disruption  after  the  teraination  of  arc 
extinction  are  achieved  by  one  of  the  following  aethods: 

1.  Bith  the  cutoff /disconnection  when  chaaber/caaera  is  filled 
with  the  coapressed  air*  contacts  rapidly  dilute  by  the  distance* 
aost  favorable  for  an  arc  extinction*  and  are  delayed  in  this 
position  to  a  period*  a  soaewhat  exceeding  period  of  arc  extinction. 
Then  contacts  dilute  up  to  the  distance*  which  ensures  necessary 
dielectric  strength  of  gap/ioterval  at  atnospheric  pressure.  In  this 
position  the  supply  of  the  coapressed  air  into  chaaber/caaera  ceases. 

2.  Besides  contacts  in  arc-suppression  chaaber/caaera  each  phase 
of  switch  is  supplied  with  suppleaentary  contacts*  with  so-called 
separators*  which  have  their  drive.  In  this  case  after  the  supply  of 
the  coapressed  air  into  explosion  chaaber  the  contacts  of  the  latter 
rapidly  dilate  up  to  the  distance*  deterained  by  the  conditions  for 
arc  extinction*  and  then  through  the  snail  tine  interval*  which  a 
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little  exceeds  the  tiee  of  arc  extinction,  it  coees  into  action  the 
air  drive  of  separator  and  the  latter  is  disconnected,  creating  final 
chain  cleavage.  In  these  switches  after  the  cntoff/disconnection  of 
separator  the  air  intake  into  explosion  chasber  ceases,  the  contacts 
of  switch  under  spring  effect  again  are  closed  and  circuit  proves  to 
be  that  brought  only  by  separator.  The  start  of  this  switch  is 
realized  by  start  of  separator. 

3.  The  saae  as  in  first  aethod,  but  with  that  difference,  that 
after  arc  extinction  chaaber/caaera  reaains  that  filled  with 
coapressed  air,  which  requires  smaller  suppleaentary  thinning  of 
contacts.  After  thinning  of  contacts  up  to  suppleaentary  distance 
autoaatically  are  closed  exhausts  of  chaaber/caaera  and  it  reaains 
under  pressure.  In  this  case  necessary  dielectric  strength  of 
gap/interval  is  provided  with  the  saaller  course  of  contacts,  that 
soaewhat  simplifies  the  construction/design  of  switch. 

With  respect  to  the  aforesaid  air  circuit  breakers  with 
longitudinal  blast  divide  into  switches  without  separators,  with 
separators  and  those  air-filled.  The  special  features/peculiarities 
of  the  device/eguipaent  cf  these  switches  are  exaained  below. 

Pundaaental  advantages  of  air  circuit  breakers:  the  absence  of 
liquid  aediua  and  haraful  gas- generating  aaterials,  explosion-  and 
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fire  safety*  short  tripping  tine*  reliability  of  operation* 
possibility  of  frequent  starts  and  cutoffs/disconnections*  absence  of 
the  powerful/thick  drives  of  direct  current*  saaller  weight  in 
conparison  with  aulti- voluaetrxc  oil  breakers.  Air  circuit  breakers 
can  be  constructed  to  any  voltages  and  to  the  very  large  power  of 
cutoff/disconnection. 

Page  279. 

To  deficiencies/lacks  in  air  circuit  breakers  can  be  attributed: 
the  relative  coaplexity  of  construct ion/ design*  high  cost/value  and  a 
soaewhat  larger  coaplexity  of  operation  in  coaparison  with  oil 
breakers*  and  also  a  need  for  air  econoay*  into  which  enter 
coapressor  aotors,  reservoirs*  air  ducts  and  other  eguipaent. 

Air  circuit  breakers  with  the  chaabers/caaeras  of  longitudinal 
blast  without  separators  usually  sake  for  voltages  not  above  35  kV, 
since  with  large  voltages  the  Bass  of  the  aoving  eleaents  of  the 
switch  is  obtained  such  large  that  for  their  rapid  aoveaent  and 
subsequent  stop  are  necessary  the  very  poverf ul/thick  pneuaatic 
drives  and  oil  dashpots. 

As  an  exaaple  of  air  circuit  oreaker  without  separator  let  us 
exaaine  Soviet  switch  to  voltage  35  kV  of  the  type  TTli-35  (Fig.  17-32 


! 
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and  17-33).  The  trolley  of  1  switch  is  carried  out  as  one  whole  with 
its  delivery  air  chaaber  2,  in  bottoas  of  which  are  provided  hatches 
3.  Trolley  is  equipped  with  rotary  rollers  4. 


On  trolley  are  established/installed  the  coluans  of  three 
phases*  consisting  of  the  lower  collar  of  5*  two  hollow  supporting 
porcelain  insulators  6  and  7*  average/nean  collar  8  cap  9.  Insulator 
7  is  the  housing  of  arc-suppression  chan ber/caaera. 


4'- 
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Pig.  17-32.  Air  circuit  breaker  of  the  type  VTH-35  on  35  kV, 


1000  a 


1000  HVA 
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Pig.  17-33.  Section/cut  on  average/nean  phase  of  air  circuit  breaker 
of  type  VVB-35  (is  continued  nuabering  of  parts  of  Pig.  17-32). 

Page  290. 

Bach  pole  of  switch  has  two  hollow  tubular  contacts  (one 
disruption  to  phase) :  upper  15  and  lower  20.  In  cap  9  is  placed  the 
aechanisa  of  the  novenent  of  front  contact,  which  consists  of  piston 
17,  into  which  is  screwed  tuburar  contact  15,  and  springs  18,  which 
wrings  out  it  downward  and  ensuring  the  necessary  pressure  of 
contacts  15  and  20.  Through  sliding  contacts  16  front  contact  15  is 
electrically  connected  with  terninal/gripper  19,  which  uses  for  the 
connection  of  busbars. 

Lower  movable  tubular  contact  20  is  attached  on  insulating  rod 
23  and  through  slipping  contacts  21  is  connected  with  average/nean 
collar  8  and  ternina 1/gripper  22  for  busbars.  In  the  lower  part  of 
contact  20  are  openings/apertures  24,  which  in  the  connected  position 
of  switch  are  located  against  exhausts  1 1  in  average/nean  collar. 

Path  of  current  with  the  connected  switch:  terninal/gripper  19  - 
contacts  16  -  front  contact  15  -  back  contact  20  -  contacts  21  - 
terninal/gripper  22. 


r 
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The  rods  of  23  three  phases  of  switch  are  hinged  connected  with 
the  levers  of  the  drive  aechanisa,  arranged/located  within  fraae  1. 
There  is  located  the  pneaaatic  drive,  with  the  aid  of  which  the  rods 
with  slide  contacts  20  are  aoved  with  start  and  cutoff/disconnection 
of  switch. 

With  cutoff /disconnection  is  opened/disclosed  valve  25  and  the 
coepressed  air  froa  reservoir  2  along  tubes  12  and  13  (Fig.  17-32  and 
17-33)  enters  the  internal  cavity  of  insulators  6,  and  of  thee 
through  channels  in  the  average/nean  collars  (in  Fig.  17-33  they  are 
not  shown)  into  the  explosion  chaabers  of  7  three  phases.  Froa  the 
explosion  chaabers  through  opemngs/apertures  in  the  collar  of  cap  9 
(in  Fig.  17-33  they  are  not  shown)  the  coapressed  air  enters  space 
under  piston  17  and  is  risen  the  latter  together  with  contact  upward 
approxinately/exenplarily  on  JO  aa;  spring  18  is  presssed.  Between 
contacts  15  and  20  appears  the  arc,  which  inaediately  undergoes 
intense  blowing,  as  shown  in  diagraa  in  Fig.  17-33a.  Arc  is  blown 
away  to  the  internal  surface  of  hollow  contacts  15  and  20,  which 
protects  of  decoaposit ion  the  working  end-type  parts  of  the  contacts. 
Air  passes  inside  contact  15,  it  falls  into  cap  9  and  eaerges  in  the 
ataosphere  through  exhausts  10.  The  air,  which  enters  inside  contact 
20,  eaerges  in  the  ataosphere  through  its  lower  openings/apertures  24 


and  exhausts  11 


1 
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The  tiae  of  arc  extinction  usually  is  not  aore  than  t wo-three 
half-periods. 

The  pnenaatic  drive  of  switch  is  controlled  so  that  it 
operates/wears  immediately  after  arc  extinction.  Drive  turns  the 
shaft  of  switch  and  with  the  aid  of  rocker  shaft  aras  rapidly 
abstracts/reaoves  downward  rods  to  23  with  contacts  20r  than  and  it 
is  created  the  insulation  of  disruption.  After  this  air  intake  into 
chaaber/caaera  7  automatically  it  ceases,  and  contact  IS  under  spring 
effect  18  is  oaitted  to  initial  position. 

The  tripping  tine  of  switch  (to  arc  extinction  between  contacts 
15  and  20)  does  not  exceed  0.1  s.  however,  the  full/total/conplete 
tiae  of  action  of  switch  taxing  into  account  the  tine  of  the  notion 
of  contact  20  is  approxiaately/exeaplarily  0.3  s. 

Is  connected  switch  by  the  saae  pneumatic  drive,  which  has 
bilateral  action,  which  aoves  upward  to  contact  20  to  their  contact 
with  contacts  15.  In  this  case  the  air  into  explosion  chamber  does 
not  enter. 

Exhausts  10  and  11  are  equipped  with  deflectors  and  are  closed 


with  shutters/valves  14  with  the  springs,  which  block  penetration 
into  the  chaaber/caaera  of  dust  and  snow,  tilth  cutoff /disconnection 
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the  coapressed  air  opens/discloses  shatters/valves  and  it  eaerges 
outside. 


Air  circuit  breakers  with  the  chaabers/caaeras  of  longitudinal 
blast  and  separators  can  be  prepared  to  any  voltage;  however,  aost 
frequently  the  separators  apply  in  switches  by  voltage  110  kv  even 
above.  Separators  can  be  located  outside  switch  (external 
separators),  also,  within  switch  (internal  separators).  External 
separators  create  the  visible  chain  cleavage. 

The  scheaatic  diagraa  of  air  circuit  breaker  with  external 
separator  is  given  in  Pig.  17-34,  where  the  siailar/analogous  parts 
are  designated  by  the  sale  nuebers,  as  in  Fig.  17-31.  The  schematic 
diagraa  of  control  is  not  shown,  since  it  is  siailar  to  that  given  in 
Pig.  17-31. 


The  separator  of  switch  consists  of  noving  contact  knife  13, 
fixed  contacts  14,  fastened/ strengthened  to  stand-off  insulator  15, 
and  pneuaatic  drive  16  with  two-way  piston  17.  The  latter  has  a 
guide,  entering  the  plugs,  attached  on  the  axis  of  18  separators. 
Vith  the  displaceaent/aoveaent  of  piston  this  guide  revolves  axis  18 
and  it  switches  on  or  disconnects  knife  13. 


Contacts  aovable  3  and  aotionless  4  are  perforeed  tubular.  Slide 
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contact  is  equipped  with  spring  20;  with  catoff /disconnection  it 
noves  downward  in  guiding  tube  21. 


Page  281. 

In  the  connected  position  of  switch  the  current  passes  through 
the  following  parts:  11-5-4-3-9-8-13-14-12  (ring  8  and  knife  13  are 
connected  by  flexible  neaber  which  in  the  diagraa  is  not  shown). 

Bith  the  cutoff /disconnect ion  of  switch  is  opened/disclosed  the 
waive  OK  and  conpressed  air  fills  explosion  chaaber  1  and  it  enters 
space  above  piston  10.  The  latter  together  with  contact  3  is  aoved 
downward,  contacts  3  and  4  are  broken  also  between  then  ignites  the 
arc.  Since  up  to  this  aoaent/torque  chaaber/caaera  1  is  filled  with 
the  coapressed  air,  then  siaultaneously  with  striking  of  the  arc 
appears  energetic  longitudinal  blast  and  arc  is  involved/tightened 
inside  tubular  contacts  (outline  a  in  Fig.  17-34)  ,  its  length 
increases.  All  this  leads  to  extinction  into  one-two  half-periods. 

Air  is  passed  inside  the  tubular  contacts  and  it  is  blown  out  outside 
through  exhausts  7  and  22.  During  cutoff /disconnection  spring  20  is 
presssed  and  reaains  in  this  position  until  is  opened  valve  OK. 

Siaultaneously  with  filling  of  chaaber/caaera  air  along  channel 
19  enters  the  right  side  of  the  cylinder  of  the  pneuaatic  drive  of  16 


( 


A 
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separators.  Under  the  action  of  the  coa pressed  air  the  piston  is 
aoved  it  to  the  left  and  disconnects  knife  (position  13*)  •  The  action 
of  the  pneunatic  drive  is  controlled  so  that  knife  13  is  disconnected 
only  after  arc  extinction  between  contacts  3  and  4,  when  in  current 
circuit  there  is  no. 

In  the  off  position  of  knife  are  changed  over  blocking  contacts 
(KSi  in  Fig.  17-31)  and  valve  OK  it  is  closed.  Sinultaneously  under 
spring  effect  20  contacts  3  and  4  are  closed,  but  circuit  renains  off 
the  knife  of  separator. 

In  order  to  include/conaect  switch  is  opened/disclosed  the  valve 
TK,  through  which  the  conpressed  air  enters  the  left  side  of  the 
cylinder  of  the  drive  of  separator.  Piston  17  is  aoved  it  to  the 
right  and  switches  on  the  knife  of  separator.  Thus,  switch  is 
included  by  the  knife  of  separator,  that  it  is  not  dangerous  even 
upon  the  inclusion  to  the  existing  in  network/grid  short  circuit  as  a 
result  of  the  large  rate  of  the  start  of  the  knife  of  separator.  In 
the  case  of  start  to  short  circuit  operates/wcars  relaying,  which 
closes  the  circuit  of  the  electronagnet  of  the  valve  of 
cutoff/disconnection  OK.  The  latter  is  opened/disclosed  and  switch  is 
disconnected,  as  it  is  described  above. 


iir  circuit  breakers  with  one  disruption  to  phase,  as  it  takes 
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place  in  the  exaaiaed  siaplest  switch,  aanufactuce  usually  by 
voltages  not  higher  than  35  k¥.  Switches  to  large  voltages  have 
several  disruptions  to  phase.  1  siaplest  and  reliable  constructive 
solution  is  use/application  to  the  phase  of  several  series-connected 
chanbers/caneras  of  single  disruption.  This,  in  particular,  it  aakes 
it  possible  to  conpose  froa  a  different  nuaber  of  one  and  the  saae 
chanbers/caneras  the  arc-suppression  dev ices/equipnent  of  switches  to 
different  voltages. 


Soviet  plants  produce  in  series  of  air  circuit  breakers  with 
external  separators  of  the  type  VVM  to  voltages  110-400  kV  and 
noainal  power  of  cutoff/disconnection  to  15000  RVA  (table  P-14).  They 
all  are  intended  for  external  installation. 


Pig.  17-35  shows  the  phase  of  a  switch  of  the  type  Tim- 110  to 
rated  current  800k,  voltage  110  k?  and  power  of  cutoff/disconnection 
4000  NTA. 


The  arc-suppression  device/eguipnent  of  switch  has  two  gaps  and 
is  aade  froa  two  series-connected  identical  chaabers/caaeras,  which 
are  located  in  porcelain  jackets  1  and  1*.  Is  established/installed 
arc- suppression  device/cguipaent  on  hollow  porcelain  insulator  2, 
which  insulates  it  froa  trolley  3.  Trolley  is  perforaed  together 
whole  with  two  delivery  air  chaabers,  connect/ joined  together  and 

with  blowing  plant. 


L 
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Pig^.  17-34.  schematic  of  the  device/equipaent  of  air  circuit  breaker 
with  external  separator. 

Page  282. 


In  the  forward  section  of  the  trolley  is  established/installed 
the  cabinet  of  control  of  10,  in  which  is  placed  the  electrical  and 
pneuaatic  control  of  the  phase  of  switch. 

Separator  is  perforaed  in  the  fora  of  knife  4,  equipped  with  air 
drive  5,  established/installed  in  the  Biddle  part  of  the  coluan.  The 
fixed  contacts  of  7  separators  are  established/installed  on  the 
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colain  of  pin  insulators  6,  aounted  on  the  trolley  of  switch. 

Each  phase  of  switch  is  independent  apparatus  -  there  is  no 
aechanical  connection/coaaunication  between  phases.  Phases  are 
connected  only  with  the  genera 1/coaaon/total  system  of  electrical 
control  -  with  start  and  cutoff/disconnection  simultaneously  are 
closed  the  circuits  of  the  electroaagnets  of  the  waives  of  three 
phases. 

The  execution  of  switch  in  the  fora  of  three  separate 
apparatuses  considerably  facilitates  its  transport  and  repair. 

Fig.  17-36  gives  the  siaplified  circuit  of  the  arc-suppression 
device/equipaent  of  a  switch  of  the  type  TTH-110.  The  arc-suppression 
devices/equipaent  of  gaps  are  performed  uniforaly.  In  essence  they 
consist  of  porcelain  housing  1,  brass  housing  11,  movable  tubular 
contact  13  with  piston  14,  contact  spring  15,  which  is  guided  tubes 
with  16  (within  which  aoves  contact  13  with  cutoff/disconnection), 
slipping  socket  contact  19  and  motionless  tubular  contact  20. 
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air  circuit  breaker  of  type  VVM-110  on  110  kT. 


Page  283. 

In  the  connected  position  of  switch  the  current 
flows/occurs/lasts  fron  terninal/gripper  8  through  the  knife  of 
separator  4,  collar  22,  fixed  contact  20',  slide  contact  13',  socket 
contact  19',  housing  11',  fixed  contact  20,  slide  contact  13,  socket 
contact  19,  housing  11  and  cap/hood  17  to  terninal/gripper  9. 

Bit h  cutoff /disconnection  is  opened/disclosed  the  waive,  which 
is  Located  in  the  cabinet  of  control  of  10,  and  air  fron  reservoirs  3 
along  tube  24  stunbles  inside  insulators  1  and  1'  and  then  through 
openiugs/apertures  12  and  12'  inside  housings  11  and  11*.  Onder  the 

V  *. 

action  of  the  conpressed  air  on  pistons  14  and  14'  slide  contacts  13 
and  13*  are  noved  upward  and  between  contacts  13  and  20,  and  also  13' 
and  20'  are  forned  arcs.  Sinultaneously  through  the  internal  cavities 
of  tubular  contacts  and  exhausts  18,  21  and  23  appears  energetic 
longitudinal  blast,  as  shown  by  rif lenan/pointers.  The  tine  of  arc 
extinction  does  not  usually  exceed  two  half-periods. 


Since  after  the  cessation  of  air  supply  into  spark  extinguisher 
the  contacts  of  switch  converge  under  spring  effect  15  and  15',  then 
switch  is  equipped  with  separator  with  air  drive  5.  Separator  nust  be 
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disconnected  automatically,  but  only  after  arc  extinction  on  the  gaps 
of  switch.  This  is  reached  via  the  slower  filling  with  the  coapressed 
air  of  the  drive  of  separator.  The  knife  of  separator  leaves  the 
fixed  contacts  approxiaately/exeaplarily  after  0.05  s  after 
interrupting  of  contacts  in  arc-suppression  chaaber /camera. 

After  the  cutoff/disconnection  of  separator  the  control  valve  is 
closed  and  air  supply  in  spark  extinguisher  ceases.  Contacts  13-20 
and  13*-20*  are  closed.  Is  connected  switch  by  the  start  of  separator 
by  air  drive  5  (air  enters  along  tube  25).  Taking  into  account  the 
possibility  of  the  inclusion  to  the  existing  in  network/grid  short 
circuit,  the  rate  of  the  motion  of  the  knife  of  separator  at  the 
moment  of  closing/shorting  its  contacts  must  be  sufficiently  great 
(8-12  m/s)  . 

Soviet  switches  by  voltages  154  kv  and  higher  are  arranged 
analogously,  but  they  have  a  larger  number  of  series-connected 
chambers/cameras:  switches  154  kV  -  three  chambers/cameras;  220  kv  - 
four;  400  kV  -  six.  Furthermore,  all  these  switches  have  backs-out 
resistor,  connected  in  parallel  to  the  chambers/cameras  of 
arc-suppression  device /equipment,  which  provides  the  even 
distribution  of  voltage  according  to  various  gaps.  The  installation 
of  such  backs-out  resistor  is  visible  in  Fig.  17-37,  where  is  shown 
the  phase  of  switch  to  voltage  220  kV. 
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If  there  are  backs-cut  resistor,  then  with  the 
cutof f/disconnection  of  switch  separator  disrupts  the  current, 
flowing  through  these  resistcrs/resistances  after  arc  extinction  in 
arc-suppression  chan ber/canera.  However,  this  current  is  snail  and 
its  cutoff/disconnection  is  not  dangerous  for  the  knives  of 
separator. 

In  the  open  installations,  subjected  to  ice-covered  surface, 
external  separators  can  be  covered/coated  with  the  layer  of  ice, 
which  strongly  inhibits  their  work.  For  the  successful  decon position 
of  the  layer  of  ice  on  the  contacts  of  separator  is  necessary  a 
corresponding  increase  in  the  power  of  its  pneunatic  drive  and 
nechanical  strength  of  its  knife.  All  this  conplicates  the 
construction/design  of  switch. 

The  deficiencies/lacKs  indicated  are  reaoved  in  switches  with 
internal  separators.  However,  internal  separator  in  the  housing, 
filled  with  air  at  atnospheric  pressure,  is  bulky,  especially  with 
very  high  voltages.  Is  explained  this  by  the  significant  aagnitude  of 
insulating  gap/interval  at  atnospheric  air  pressure. 


t 


rig.  17-37.  Mr  circuit  breaker  of  the  type  V7M-220  on  220  kV,  1000a 
5000  BTA  (one  phase).  1  -  arc-suppression  device/equipnent ;  2  - 
backs-out  resistor;  3  -  the  stand-off  insulator;  4  -  coluan  of  pin 
insulators;  5  -  knife  of  the  separator;  6  -  delivery  air  chambers;  7 
and  8  -  tereinals/gr ippers  for  the  connection  of  busbars. 

Page  284. 

It  is  essential  to  decrease  the  gap/interval  indicated  and, 
consequently,  also  the  overall  sizes  of  separator  it  is  possible, 
after  placing  separator  into  the  housing,  filled  with  off  separator 
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with  the  coepressed  air. 


is  an  example  Fig.  17-38  shows  Soviet  air  circuit  breaker  to 
voltage  110  kv  with  air-filled  separator  3.  Arc-suppression 
device/aquipaent  is  perforaed  just  as  in  Fig.  17-36. 


In  the  housing  of  3  separators  are  notionless  and  slide 
contacts.  Movable  tubular  contact  is  perforaed  for  one  whole  with 
piston  and  is  equipped  witn  spring.  Vhen  switch  is  connected,  then 
the  internal  cavity  of  the  nousing  of  separator  is  coaaunicated  with 
surrounding  air  i. e. ,  in  housing  3  pressure  is  equal  atmospheric,  and 
the  contacts  of  separator  under  the  action  of  its  spring  are  locked. 


With  the  cutoff/disconnection  of  switch  the  conpressed  air 
enters  both  into  explosion  chaabers  1  and  into  the  housing  of 
separator  3.  under  the  action  of  the  conpressed  air  the  slide  contact 
of  separator  is  wrung  out  upward  and  it  renains  in  this  position, 
until  housing  3  is  found  under  pressure.  The  work  of  separator  is 
controlled  so  that  its  contacts  diverge  only  after  arc  extinction  in 
spark  extinguisher. 


After  the  disagreeaent  of  the  contacts  of  separator  the  blast 
valve  of  switch  is  closed  and  air  supply  in  spark  extinguisher  1 
ceases  and  its  contacts  are  closed,  the  housing  of  separator  renains 
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under  pressure  always  when  switch  is  disconnected.  For  the  start  of 
switch  it  suffices  to  shut  access  of  the  coepressed  air  into  housing 
3  and  to  report  its  internal  cavity  with  surrounding  air.  Then  under 
the  action  of  the  coepressed  spring  the  slide  contact  of  separator  is 
oaitted  and  switch  is  included. 

Certain  def iciency/lack  in  the  switches  with  the  air-filled 
separators  is  the  need  for  the  careful  aultiplexing  of  the  housing  of 
separator,  since  it  cat  long  be  found  under  pressure. 

In  contrast  to  the  switches,  shown  to  Fig.  17-35  and  17-37, 
switch  in  Fig.  17-38  have  one  delivery  air  chaaber  5  and  two  cabinets 
of  control  of  6  and  7.  Xhe  foundation  of  switch  is  perforaed  without 
rollers.  At  present  all  Soviet  air  circuit  breakers  to  voltages 
110-400  kV  are  supplied  with  one  delivery  air  chaaber  to  phase  and  do 
not  have  rollers. 

Tripping  tiae  of  switch  type  VVR  coaprises  not  aore  0.06-0.08  s 
(to  arc  extinction),  and  f ull/total/coaplete  tiae  of  action  taking 
into  account  tripping  tiae  of  separator  -  approxiaate/exeaplary 
0.25-0.35  s. 

The  air-filled  switches  can  be  perforaed  to  any  voltage,  but 
aost  frequently  then  they  perfora  by  voltages  35  k?  even  higher. 
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Sufficient  representation  about  the  device /equipaent  of  these 
switches  gives  the  given  in  Fig.  17-39  section/cut  of  the 
arc-suppression  chan  be r/ can era  of  the  air-filled  switch  to  voltage  35 
kv  whose  general  view  is  siailar/such  shown  in  Fig.  17-33. 

The  porcelain  housing  of  9  chaabers/caeeras  is 
established/installed  on  collar  12.  In  the  latter  is  attached  also 
stationary  contact  8  with  high-aelting  cap.  On  upper  collar  13  is 
established/installed  aetal  housing  1,  in  which  is  placed  the 
eechanisn  of  slide  contact  4.  The  latter  with  collar  13  is 
electrically  connected  with  the  aid  of  slipping  contacts  11.  For  the 
connection  of  the  busbars  of  distributor  serve  terninals/grippers  10 
and  15.  In  the  connected  position  the  current  flows/occurs/lasts  over 
the  path:  10-13-11-4-8-12-15. 

Contact  4  is  screwed  into  piston  2,  rigidly  connected  with 
guiding  tube  3. 


1 


Pig.  17-38.  Air  circuit  breaker  with  the  air-filled  separator  of  the 
type  VVK-110  on  110  kV,  2000  A,  6000  BVA  (one  phase).  1  - 
arc-suppression  chaabers/caaeras;  2  -  the  stand-off  insulators;  3  - 
separator;  h  -  current-carrying  tube;  5  -  delivery  air  chaaber;  6  - 
cabinet  of  the  cutof f/disconnection;  7  -  cabinet  of  the  start;  8  and 
9  -  terainals/grippers  for  the  connection  of  busbars. 

Key:  (1).  ?kl.  (2).  Off. 
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To  the  latter  loose  piston  6  an*  carrier  ring  5,  between  which  is 
inserted  spring  7,  The  latter  through  ring  5  and  piston  2  forces 
contact  by  4  against  fixed  contact  8. 

Vith  cutoff /disconnection  housing  9  is  filled  with  the 
con  pressed  air.  Along  channel  14  con pressed  air  enters  space  above 
piston  6  and  it  displaces  it  downward  to  backstop  17  on  the  internal 
surface  of  housing  1.  Spring  7  is  presssed. 

Sonewhat  slower  through  the  gap  between  contacts  4  and  11  air 
penetrates  the  space  under  piston  2  and  it  displaces  it  together  with 
contact  4  and  tube  3  upward  to  such  situation,  when  ring  5  will  be 
rested  into  the  lower  end/face  of  the  tube  of  piston  6.  Since  piston 
clearance  6  is  nore  than  piston  clearance  2r  then  during  the  notion 
of  the  latter  together  with  contact  4  upward  piston  6  renains  forced 
against  flange  17  and  spring  7  additionally  is  presssed. 

In  this  position  of  chaaber/canera  contacts  4  and  8  are  located 
at  a  distance,  nost  favorable  for  an  arc  extinction.  The  forned  on 
then  arc  by  the  flow  of  the  coapressed  air,  which  was  fixed  inside 
contact  4  and  tube  3,  is  injected  inside  contact  4,  intensely  it  is 
deionized  and  rapidly  it  goes  out  (with  arc  extinction  occupies  the 
position,  shown  on  outline  a  Fig.  17-31)  . 


4 
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In  piston  6  is  ssail  opening/aperture  18,  through  which  the 
coapressed  air  cooperatively  slowly  penetrates  the  space  between 
pistons  2  and  6.  To  the  tise  of  extinguishing  of  arc  the  pressure 
fron  both  sides  of  piston  6  is  equalized  and  it  under  the  action  of 
coapressed  spring  7  is  sowed  upward  to  backstop.  Since  in  this 
position  air  pressure  on  piston  2  and  contact  4  proves  to  be  nore 
than  the  force  of  spring  7,  then  sisultaneously  with  piston  6  they 
are  upward  displaced  piston  by  2  with  contact  4  and  tube  3,  until  the 
latter  is  rested  into  rubber  ring  16  and  with  its  base  19  is  shut 
output  to  the  coapressed  air  froa  chaaber/caaera.  In  this  position 
the  contacts  prowe  to  be  dilute  up  to  such  distance,  with  which  in 
the  coapressed  air  is  provided  the  necessary  insulation  of  gap. 

For  the  start  of  switch  it  suffices  to  let  out  the  coapressed 
air  froa  chaaber/caaera  in  the  ataosphere.  Then  under  spring  effect  7 
contact  4  is  dropped/oaitted  to  contact  with  contact  8  and  circuit 
will  be  connected. 

The  air-filled  switches  have  siaplest  construction/design,  since 
in  thea  there  are  no  separators  with  the  pneuaatic  drives,  do  not 
have  insulating  rods  and  series/row  of  other  parts,  available  the 
switches  with  separators. 


Hain  disadvantage  in  the  air-tilled  switches  -  need  for  the  very 
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good  heraetic  sealing/pressurization/sealing  of  chaaber/caaera,  since 
on  leaving  of  air  switch  is  included. 

Switch  siaply  is  fulfilled  also  with  several  gaps  in  phase.  In 
the  presence  of  backs-out  resistor  the  switch  aust  be  equipped  with 
the  trailing  contacts,  intended  for  the  gap  of  current,  which  takes 
place  through  backs-* out  resistor  after  arc  extinction  in 
arc-suppression  device /eguipaent. 

Air  circuit  breakers  with  transverse  air  blast. 
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Pig.  17-39.  The  extinguishing  c has ber/ca »era  of  the  air-filled  switch 
on  35  k¥. 

Page  286. 


Transverse  air  blast  in  hign-voltage  switches  proves  to  be  effective 


DOC  *  79134818 


PAGE 


S//»l 

as  noted  in  Chapter  13,  only  during  the  use/application  of 
arc-suppression  gratings  with  the  insulating  plates,  situated 
perpendicular  to  the  axis  of  arc  {Fig.  13-Sc  and  17-41),  when  airflow 
forces  arc  against  the  foundation  of  these  plates  and  forces  it  into 
the  narrow  gaps/intervals  between  then. 

The  presence  in  the  arc  gap  of  the  insulating  plates,  subjected 
to  the  effect  of  arc,  iapedes  the  creation  of  the  necessary 
insulation  of  gap  with  very  high  voltages  and  especially  in  the 
switches  of  external  installation.  Further nore,  in  the 
chanbers/caneras  of  transverse  blast  arc  extinction  is  reached  at  its 
sufficient  length,  as  a  result  of  which  in  the  process  of 
cutoff/disconnection  in  arc  gap  is  separated/liberated  a  large 
quantity  of  heat,  which  inpedes  arc  extinction  and  achievenent  of  the 
large  power  of  cutoff /disconnection.  Therefore  arc-suppression 
chanbers/caneras  with  transverse  blast  apply  in  air  circuit  breakers 
by  voltage  to  15-20  kv  and  less  freguently  to  35  kv. 

In  soviet  practice  transverse  air  blast  is  used  in  switches  of 
the  type  VV-15  in  voltage  13. 8  kV  and  power  of  cutoff /disconnection 
2000  HTA,  intended  for  internal  installation  (Fig.  17-40). 

The  trolley  of  1  switches  is  perforned  as  one  whole  with  two 
cylindrical  delivery  air  chaabers  2  and  3  and  cabinet  4,  in  which  are 
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placed  the  Mechanises  of  control  of  the  switch:  shaft  5,  pneuaatic 
drive  6,  the  block  of  control  valves  of  7,  oil  dashpot  8,  blast  valve 
9  and  10  types  blocking  contacts  KSi. 

Arc-suppression  chaaber/caeera  25  is  established/installed  on 
porcelain  stand-off  insulators  14  and  15.  Air  into  chanber/canera  is 
fed/conducted  through  valve  by  9  on  porcelain  air  duct  20. 


Fig.  17-40.  4ir  circuit  breaker  of  the  type  VV-15  on  13.8  kT,  5500a, 

2000  nv&. 


Page  287. 


Between  insulators  14  and  15  is  established/installed  aluninua 
housing  16,  fron  both  sides  of  which  it  is  attached  on  the  packet  of 
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copper  bands  17.  To  the  left  side  of  these  bands  connect  the  busbars 
of  distributor  (terainal/gripper  18).  In  the  right  side  between  the 
packets  of  bands  on  axis  are  established/installed  the  slide  contacts 
of  the  switch:  two  working  knives  22  and  one  arc-suppression  knives 
24,  connect/joined  together  and  connected  with  insulating  thrust/rod 
by  21  with  hoeing/driving  lever  on  shaft  5.  working  knives  are  placed 
froe  both  sides  of  housing  16.  Two  groups  of  aotionless  working 
finger  contacts  23  are  established/installed  froe  both  sides  of 
chaaber/caeera  25.  Hoticnless  arcing  contact  is  located  within 
chaeber/caaera  25.  All  aotionless  contacts  are  electrically  connected 
with  second  terninal/gripper  oy  19  for  the  connection  of  busbars. 


Between  the  phases  of  switch  are  established/installed 
insulating  partitions  27.  Upon  the  start  of  switch  pneuaatic  drive  6 
with  the  aid  of  leverage  11  turns  shaft  5  clockwise  and  thrust/rod  by 
21,  being  aoved  upward,  turns  slide  contacts  in  opposite  direction. 
Arcing  contacts  24  enter  through  opening/aperture  26  into 
arc-suppression  chanber/caaera  and  throw  in  themselves  in  the 
established/installed  in  it  aotionless  arcing  contacts.  With  certain 
retardation  are  closed  both  pairs  of  wake  contacts  22  and  23.  Before 
closing/shorting  of  arcing  contacts  jaw/caa/catch  12  on  shaft  5 
through  aechanisa  13  presses  on  the  stock/rod  of  blast  valve  9  and  a 
little  opens  slightly  it,  as  a  result  of  what  the  coapressed  air  from 
reservoir  3  on  air  duct  20  enters  explosion  chaaber  and  blows  the 
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gap/interval  between  the  convergent  arcing  contacts.  By  this  is 
prevented  the  onset  of  power ful/thick  arc  apon  the  inclusion  of 
switch  to  the  existing  in  network/grid  short  circuit. 

In  switch  is  used  the  pneuaatic  drive  of  two-way  action; 
therefore  with  cutof f/disconnsction  all  aoving/driving  parts  of  the 
switch  are  eoved  in  opposite  direction  and  contacts  22  and  24  are 
turned  in  the  direction  of  rotation  of  hour  hand.  Are  first  broken 
aake  contacts  22  and  23,  also,  after  they  are  radiated  on  30-35 
are  broken  arcing  contacts.  Is  soaewhat  earlier  than  this 
■osent/torgue  jaw/can/catch  12,  rotating  together  with  shaft  5 
counterclockwise,  with  the  aid  of  aechanisa  13  is  opened/disclosed 
blast  valve  9  and  air  on  air  duct  20  it  enters  arc-suppression 
chaaber/caaera. 

The  device/equipnent  of  arc-suppression  chaaber/caaera  is 
scheaatically  shown  in  Fig.  17-41. 

To  the  arc-suppression  knife  of  24  is  welded  cap  28  of  the 
refractory  aetal;  29  and  30  -  aotiocAess  arcing  contacts. 

Chaaber  casing  25  is  aade  froa  external  getinax  31  and  32  and 
internal  l iber  33  plates,  within  chaaber/caaera  is 

established/installed  five  fiber  plates  34,  which  divide  the  internal 
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space  of  chaaber/caaera  in  six  sections.  Fiber  is  utilized  as 
gas-generating  aaterial.  In  each  section  are  established/installed 
copper  plates  35,  cutting  the  arc  into  parts,  which  contributes  to 
its  cooling  and  deionization  and  lmits  its  length. 

In  the  upper  part  of  the  sections  are  placed  packets  36, 
collected  froa  thin  steel  sheets  with  the  snail  distance  between 
then,  intended  for  cooling  and  deionization  of  air,  that  eaerges  froa 
cbaaber/caaera. 

As  noted  above,  up  to  the  noaent/torgue  of  interrupting  the 
arcing  contacts  into  chaaoer/caaera  has  already  been  supplied  the 
coapressed  air.  Therefore  the  arc,  which  is  foraed  between  contact  30 
and  cap  28,  which  are  broxen  by  the  latter,  by  the  jet  of  the 
coapressed  air  innediately  is  injected  into  the  first  section  of  the 
chaaber/caaera  where  it  is  contacted  with  fiber  plates.  Onder  the 
action  of  the  high  teaperature  or  arc  froa  the  surface  of  fiber 
plates  violently  are  separated/liberated  the  gases,  which  atteapt  to 
reject/throw  arc  froa  plates,  but  this  blocks  the  cross  flow  of  the 
coapressed  air,  which  eaerges  froa  air  duct  20.  As  a  result  of  this 
coabined  effect  of  air  and  gas  flow  the  arc  energetically  is 
deionized  and  rapidly  it  goes  out. 
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Pig.  17-41.  The  arc- suppress ion  chaaber/caaera  of  air  circuit  breaker 
of  the  type  W-15  (is  continued  the  nuabering  of  the  parts  of  Fig. 
17-40)  . 

Page  288. 

If  arc  did  not  go  out  with  the  passage  of  arcing  contact  under 
the  first  section,  then  during  further  notion  of  contact  24  arcs  are 
blown  out  into  the  second  section,  while  if  it  does  not  go  out  also 
in  this  case,  then  into  the  third  section  and,  etc. 

Op  to  the  aoaent/torgue  of  the  output  of  arcing  contact  froa 
chaaber/caaera  the  arc  coapulsorily  goes  out  also  in  the  specific 
position  of  slide  contacts  the  air  supply  into  chaaber/caaera 
autoaatically  ceases. 
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The  distance  between  contacts  in  off  position  is  deternined  by 
the  value  of  the  necessary  insulating  gap/interval  between  then. 

Fiber  plates  are  abraded  unevenly,  since  sections  enter  in  work 
gradually  and  nost  freguently  not  all.  By  this  is  explained  the 
different  thickness  of  the  plates  of  chanber/canera.  Usually  switch 
is  capable  to  five  tines  to  disconnect  without  the  exchange  of  fiber 
plates  current,  close  to  its  rated  current  of  cutof f/disconnection 
[17-5]. 

The  tripping  tine  of  switch  does  not  exceed  0.1s  with  the  tine 
of  the  arc  extinction  of  the  order  of  two  half- periods. 

The  foreign  const ructions/ designs  of  air  circuit  breakers  are 
characterized  by  very  great  variety  also  during  recent  years 
underwent  considerable  changes.  Sone  of  then  have  auch  in  connon  with 
the  exanined  above  soviet  constructions/designs. 

If  in  air  circuit  breakers  to  voltage  to  15-20  kV  widely  are 
utilized  spark  extinguishers  with  transverse  and  longitudinal  blast, 
in  the  latter  case  with  external  separators  and  without  then,  then  in 
switches  by  voltages  35  kV  it  is  higher,  as  a  rule,  is  applied 
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longitudinal  air  blast  with  aultiple  break  of  circuit. 

Characteristic  for  conteaporary  air  circuit  breakers  by  voltage 
35  kV  and  higher  is  the  wide  application  of  cheaper  and  eore  reliable 
seall/ainiature  porcelain  £  17—  1  ^  17-5  and  17-6].  In  recent  years  soae 
European  firas  created  very  coapact  and  light  suspension  air  circuit 
breakers,  suspended  to  the  portals  of  the  open  distributors.  In  the 
fora  of  an  exaaple  in  Fig.  17-42  it  is  shown  voltage  150  kv  and  power 
of  cutoff /disconnect ion  7500  EVA.  Arc-suppression  chaabers/caaeras  1 
and  2  are  established/installed  directly  on  delivery  air  chaaber  3, 
which  is  located  under  voltage  and  is  suspended/hung  to  support  froa 
string  insulators  4.  Intake  elect ropneua at ic  valves  are 
established/installed  on  reservoir.  The  coapressed  air  froa  blowing 
plant  cones  along  tube  5  of  insulation  (porcelain  or  plastic). 

The  transaission  of  control  signal  to  electropneuaatic  valves  is 
realized  with  the  aid  of  pneuaatic  or  oil-pneuaatic  devices/eguipaent 
with  the  use  of  second  tube  5. 

Suspension  switches  separators  do  not  usually  have  and  are 
fulfilled  as  air-filled.  They  are  struct urally/constructurally 
stapler,  3  tines  and  aore  aore  easily  and  it  is  considerably  cheaper 
than  air  circuit  breakers  with  the  separators;  in  distributor  they 
occupy  little  place  [17-4J. 


I _ 
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Blowing  plants.  Air  circuit  breakers  are  supplied  with  the 
coepressed  air  froa  central  blowing  plant,  which  can  be  used  also  for 
the  coepressed  air  feed  of  the  pneuaatic  drives  of  disconnectors  and 
switches  of  other  types. 

The  scheaatic  diagraa  of  blowing  plant  is  given  in  Fig.  17-43.  A 
nueber  and  the  productivity  of  coapressors  select  so  that  during  the 
daaage  of  one  coapressor  the  supply  with  air  would  not  be  disrupted. 
In  the  diagraa  are  conditionally  shown  two  coapressors  1. 

The  air,  which  enters  air  circuit  breakers.  Bust  be  well 
purified  froa  dust  and  dried.  For  dusting  serve  filters  3, 
established/installed  froa  the  side  of  the  suction  branches  of 
coapressors.  They  dry  air  usually  theraodynaaically .  Osing  this 
aethod  the  highly-coapressed  in  coapressor  air  which  in  this  case 
considerably  is  heated,  is  cooled  in  water  tubular  coolant  4,  as  a 
result  of  which  the  l^pge  part  of  the  containing  in  air  noisture  is 
condensed.  This  condensed  noisture,  and  also  caught  into  air  oil  are 
driven  out  in  oil  and  water  separator  5,  and  into  high-pressure 
bottle  by  8  enters  air  with  saaller  noisture  content  (6  -  check 
valve;  7  -  shutoff  valve).  Then  air  passes  through  reduction  valve  9, 
where  its  pressure  decreases,  and  space  respectively  increases,  in 
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consequence  of  which  relative  ataospheric  huaidity  decreases.  As  a 
result  of  entire  this  relative  ataospheric  huaidity  in  low-pressure 
reservoir  by  10  and  in  distrioutive  aerial  network  proves  to  be 
considerably  lower  than  relative  auaidity  of  ataospheric  air.  Good 
results  gives  change  of  the  air  pressure  two  tiaes. 


Soviet  air  circuit  breakers  are  designed  for  work  with  pressure 
of  air  20  ata  (gage) ,  in  accordance  with  how  pressure  in  reservoir  8 
it  is  taken  as  as  the  equal  to  40  ata(gage),  and  in  reservoir  10 
equal  to  20  ata(gage). 


m 
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Pig.  17-42.  Suspension  ait  circuit  breaker  on  150  kr,  7500  HTA  (one 
phase) . 

Page  269. 

Start  and  stop  of  the  electric  aotor  of  2  compressors  is 
autoaated  depending  on  air  pressure  in  reservoirs,  for  which  are 
utilized  the  established/installed  on  reservoirs  contact  aanoaeters. 

Distributive  aerial  netwot*  is  usually  performed  by  steel  tubes. 
Before  each  switch  install  filter  for  warning/prevention  the 
incidences/ispingeaents  into  the  switch  of  dust  and  products  of  the 
corrosion  of  tubes. 
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In  the  Halts  of  coapressor  and  in  sections  froa  the  cable 
distribution  heads  of  snitches  to  their  reservoirs  and  the  cabinets 
of  control  usually  run  copper  tubes  for  warning/preventing  their 
corrosion. 

The  tubes  of  aerial  network  usually  run  in  cable  tunnels  or 
channels,  and  soaetines  in  special  channels  or  trenches. 

17-6.  Switches  of  load. 

The  switches  of  load  are  the  siaplest  high-voltage  switches, 
intended  for  cutoff /disconnection  and  start  of  circuits,  that  are 
located  under  load.  The  arc-suppression  devices/eguipaent  of  these 
switches  are  designed  only  for  the  extinction  of  the  low-current  arc, 
which  appears  with  the  cutoff/disconnection  of  the  current  of  load; 
therefore  cannot  be  utilized  then  for  the  cutoff/disconnection  of 
circuits  daring  short  circuits. 

For  the  cutoff/disconnection  of  circuits  during  short  circuits 
together  with  switches  the  loads  apply  any  high-voltage  safety 
devices/fuses,  for  exaaple,  guartz. 

In  recent  years  the  switches  of  load  obtained  very  large 
use/application  in  those  installations  of  coaparatively  snail  power 
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(on  shop,  urban,  agricultural  and  other  substations),  where  it  is 
possible  to  be  restricted  to  protection  froe  short-circuit  currents 
with  the  aid  of  safety  fuses  and  where  the  switches  were  necessary 
only  for  start  and  cutoif/disconnection  of  circuits  with  load. 


The  switches  of  lead  even  taking  into  account  high-voltage 
safety  devices/fuses  are  less  expensive  and  usually  require  less  than 
the  place  in  distributor,  rather  than  powerful/thick  high-voltage 
switches  to  the  sane  voltages. 


As  arc-suppression  devices/equipaent  in  the  switches  of  load  can 
be  used  arc-suppression  chaabers/caeeras  with  oil  filling, 
chaebers/caaeras  with  solid  gas-generating  aaterial,  arc-suppression 
gratings  with  aetallic  or  ceraaic  plates,  etc. 

Can  be  used  auto-pneuaatic  chaabers/caaeras  with  arc  extinction 
by  the  air,  forced  during  cutoff/disconnection  by  the  piston,  powered 
by  special  spring.  Upon  the  start  of  switch  this  connected  with 
piston  spring  is  presssed  and  in  the  con  pressed  state  is  held  by 
special  trip.  At  the  aoaent  of  cutoff/disconnection  the  trip  is 
displaced  and  the  freed  spring  rapidly  aoves  piston  within  the 
cylinder,  froa  which  the  coa pressed  air  is  forced  to  arc  and 
extinguishes  it. 
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At  present  with  Soviet  industry  are  eanufactured  the  switches  of 
load  only  on  voltages  6  and  10  k?#  equipped  with  arc-suppression 
chaabers/caaeras  with  inserts/bushings  froa  organic  glass. 

As  the  basis  of  the  construction/design  of  these  switches  of 
load  of  the  type  YN- 16  is  assuaed  normal  tripolar  disconnector  for 
internal  installations  (Fig.  17-44)  with  attached  arc-suppression 
chaabers/caaeras  5  and  disconnecting  springs  6. 

The  novable  aake  contact  of  switch  is  perforaed  in  the  fora  of 
two-band  knife  1,  which  encoapasses  in  the  connected  position  contact 
strut  2.  At  the  end/lead  of  the  bands  of  knife  are  attached  two 
curved  steel  strips  3,  between  which  is  jaaaed  the  end/lead  of 
arc-suppression  knife  4. 

The  housing  of  explosion  chaaber  (Fig.  17-45)  consists  of  two 
jaws  5,  aade  froa  plastic  and  tightened  by  screws/propellers.  Within 
housing  are  laid  two  inserts/bushings  8  of  organic  glass,  which  fora 


narrow  slot  9 
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Pig.  17-43.  Schematic  diagram  ot  bloving  plant. 

Key:  (1).  To  distributing  aerial  network.  (2).  Air. 

Page  290. 

Housing  and  notionless  aa&e  contact  2  are  fastened/strengthened  to 
the  cap/hood  of  stand-off  insulator. 

Hotioaless  arcing  contacts  7  are  attached  on  steel  springs  and 
are  connected  by  flexible  aenbers  with  current-carrying  plate  2. 
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Upon  start  knife  4,  fastened/strengthened  to  plates  of  working 
knife,  enters  into  slot  9  (Fig.  17-45)  explosion  chanber  and  throws 
in  itself  into  eotionless  arcing  contacts  7.  Hake  contacts  1  and  2 
are  closed  later  than  arc-suppression  ones. 

With  cutoff/disconnection  first  are  broken  the  sake  contacts, 
and  then  arc-suppression,  between  which  is  foraed  the  arc.  Arc  is 
involved/tightened  inside  slot  9  between  inserts/bushings  froa 
organic  glass.  Under  the  action  of  the  high  teaperature  of  arc 
organic  glass  separates/ liberates  a  large  quantity  of  gases,  in 
consequence  of  which  the  pressure  in  chaaber/caaera  is  raised.  Thus 
far  knife  4  is  located  in  chaaber/caaera,  gases  can  leave  it  only 
through  the  gaps  between  the  knife  and  inserts/bushings.  The  pressure 
increase  increases  the  theraal  conductivity  of  gases,  in  consequence 
of  which  the  arc  intensely  is  cooled  and  goes  out  in  liaits  of 
chaaber/caaera,  to  the  cutput  froa  it  of  knife  4.  The  necessary  rate 
of  the  notion  of  contacts  is  provided  by  two  disconnecting  springs  6. 

The  disconnecting  ability  of  the  switches  of  load  of  the  type 
T8-16  is  shown  in  Table  P-15. 


For  the  purpose  of  savings  are  aanufactured  also  the  conbined 
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apparatuses  of  the  type  GMP-16,  which  consist  of  the  aounted  on  the 

overall  fraae  of  the  switch  of  load  and  three  quartz  safety 

devices/fuses.  The  analogous  coabined  apparatus,  but  additionally 

equipped  with  device  for  the  autoaatic  cotof f /disconnection  of  the 

switch  of  load  with  burn-out  by  saelting  the  insert  of  any  of  the 

quartz  safety  device  s/fuses,  has  a  designation  of  the  type  GNP-17. 

\ 

For  control  of  switch  is  applied  aanual  rigging,  which  has  the 
built-in  electroaagnet ,  which  nates  it  possible  if  necessary  to 
produce  reaote  cutoff/disconnection.  If  is  necessary  renote 
switching,  then  can  be  used  electronagnetic  actuator. 
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Fig.  17.44.  switch  of  load  of  the  type  ?S-16  on  10  k». 


Pig.  17.45.  ire- suppression  chanbec/caiera  of  switch  of  load  of  type 

TK- 16. 

Key:  (1).  On.  (2).  housing  (left.  (3).  Cap/hood  of  stand-off 

insulator.  (4).  housing  (right.  (5).  Inssrt /bushing  (left.  (6). 
Iassrt/bushing  (right.  (7).  1a  off  position. 
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Oh  apter  eighteen 

DRIVES  OF  SWITCHES. 

18-1.  Designation/purpose  and  types  of  drives. 

Drives  serve  for  coatroi  of  switches,  i.e.,  for  their  inclusion, 
retention  in  the  connected  position  and  cutoff/disconnection.  Drives 
are  performed  in  the  fora  of  the  separate  apparatuses,  attached  to 
switches. 

Soae  switches  can  he  applied  with  different  drives.  The 
corresponding  indications  are  given  in  catalogs  or  plant 
inf or national  aaterials  (see  £a&les  P-14,  p-15  and  p-16). 

Page  29*. 

Froa  drive  to  the  slide  contacts  of  switch  the  notion  is 
transaitted  with  the  aid  of  the  drive  aechanisa,  which  consists  of 
the  linkage  and  thrust s/rods,  shaft  of  switch  and  contact  crossheads, 
which  carry  slide  contacts. 


Soae  switches  have  the  built-in  drives,  which 


,1 

5 


DOC  =  79134818  PAG8  ^ 

structurally /construct urally  compose  with  then  one  whole.  Such 
switches  are  supplied  only  with  one  type  of  drive,  in  sone  air 
circuit  breakers  of  drives  as  there  are  no  separate  apparatuses  and 
the  aechanisas,  which  use  for  control  of  switch,  it  is  organically 
decanted  with  the  construction/design  of  switch  itself. 

Drives  eust  satisfy  the  following  fundamental  reguirenents:  the 
reliability  of  operation,  the  speed  of  action,  the  ability  to  perfora 
the  specific  nuwber  of  process/operations  without  the  need  of 
controlling  the  eechanisa,  simplicity  of  construction/design,  snail 
overall  sizes  and  weight,  snail  cost/value,  ccnvenience  in  the 
operation.  Drives  with  electrical  control  nust  consune  with 
process/operations  least  possible  power  and  snoothly  work  with  the 
established/installed  Units  of  deviation  fron  the  noninal  voltage  of 
their  power  supply.  Heating  the  elenents/cells  of  the  drive  of  the 
nagnet  coils,  electric  notor)  for  the  operation  tine  nust  not  exceed 
rating  value. 

All  drives  have  nechanisns  of  the  free  release  about  value  of 
which  it  was  shown  into  $  15-2. 


Punishnent  drive  conpletes  upon  the  start  of  the  switch  when  it 
overcones  the  considerable  resistor/resistance  of  the  disconnecting 
springs  and  springs  of  contacts,  friction  in  the  aechanisn  of  switch 
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and  in  transaission  froa  drive  to  switch,  in  oil  breakers  -  the 
resistor/resistance  of  oil  to  the  notion  of  the  aoving  eleaents  of 
switch,  etc.  Opon  the  inclusion  to  the  existing  in  network/grid  short 
circuit  the  drive  overcoaes  also  the  considerable  electrodynaaic 
forces  (proportional  to  the  sguare  of  inpact  short-circuit  current), 
appearing  after  breakdown  across  gap  between  contacts  in  the  process 
of  their  approach  and  caused  by  interaction  of  current  in  the  aovable 
and  aotionless  current-carrying  parts  of  the  switch  (these  forces 
attenpt  to  reject/throw  slide  contacts  to  off  position). 


At  the  sane  tine  switch  nust  oe  included  rapidly,  since  upon  the 
slow  inclusion  to  the  existing  in  network/grid  short  circuit  is 
possible  the  sticking  of  contacts. 


Thus,  upon  start  drive  aust  coaplete  considerable  work  in  short 
tiae,  i.e.,  it  aust  develop  the  sufficiently  large  power  whose  value 
depends  on  the  type  of  switch. 

In  contrast  to  this  with  cutoff/disconnection  the  drive 
coapletes  the  very  saall  work,  spent  on  the  release  of  locking 
aechanisa,  since  the  cutoff /disconnection  of  switch  occurs  under  the 
action  of  its  disconnecting  springs.  The  tiae  of  the  release  of 
locking  aechanisa  also  aust  be  possibly  less,  since  on  this  depends 
the  speed  of  the  cutoff/disconnection  of  circuit  during  daaages. 
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Are  distinguished  two  basic  groups  of  the  drives  of  the 
switches:  annual  and  power  (engine).  Depending  on  the  fora  of  the 
energy,  utilized  for  start,  the  actuators  are  subdivided  into 
electrical  ones  and  pneuaatic  ones. 

Depending  on  the  principle  of  the  conversion  of  electric  power 
into  aechanical  energy  the  electric  drives  occur  electroaagnetic 
(solenoid)  and  electric-aotor. 

On  aethod  of  operation  the  drives  are  subdivided  into  the  drives 
of  direct  and  indirect  action. 

In  the  drive  of  direct  action  the  notion  of  switching  on 
actuator  is  transaitted  to  the  directly  drive  aechanisa  of  switch  to 
the  saae  aoaent/torgue  when  drive  obtains  the  iapulse/aoaentua/pulse 
of  energy  froa  its  feeding  source  (froa  electrical  circuit,  froa  the 
aain  line  of  the  coa pressed  air).  Since  the  tine  of  start  is  snail, 
then  the  power,  consuaed  by  such  drives,  is  considerable. 


In  the  drives  of  indirect  action  the  energy,  necessary  for  the 
inclusion  of  switch,  preliaxnarily  reserves  itself  in  the  fora  of 
potential  or  kinetic  energy  in  any  special  device/equipaent,  which 
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then  at  necessary  moment/torgue  is  utilized  short-term  for  the  start 
of  switch.  Potential  energy  reserves  itself  in  cargo  drives  with  the 
aid  of  the  preliminarily  raised  load  and  in  spring  drive  with  the  aid 
of  the  preliainarily  stretched  or  twisted  springs. 

Kinetic  energy  reserves  itself  in  inertial  drives  with  the  aid 
of  the  preliminary  untwisted  to  the  definite  rate  flywheel  of 
considerable  mass. 

In  the  drives  of  indirect  action  the  energy  reserves  itself 
during  relatively  long  time  (to  10  s) ;  therefore  the  required  by  them 
power  is  respectively  small. 

Page  292. 

The  stored  up  energy  is  utilized  upon  the  start  of  switch  for  the 
very  short  tine  when  mechanism  develops  large  power. 

For  the  automatic  cutoff /disconnect ion  of  switches  all  drives 
have  the  disconnecting  electromagnets,  which  affect  locking  actuator, 
made  in  the  fora  of  retaining  catch  or  system  of  the  breaking  levers. 
The  circuit  of  the  coil  of  the  disconnecting  electromagnet  of  drive 
is  closed  by  the  contacts  of  tae  relay  of  protection  or  automation. 

In  some  drives  the  disconnecting  electromagnets  can  be  used  for  the 
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renote  (at  a  distance)  cutof f /disconnect ion  of  switches. 

ill  electrical  and  pneuaatic  drives,  and  also  load  and  spring 
drive  sake  it  possible  to  resotely  control  of  switches  i. e.,  to 
switch  on  and  to  disconnect  then  at  a  distance. 

Drives  are  manufactured  for  internal  and  external  installation. 
For  protection  froa  weather  effects  the  drives  for  external 
installation  are  placed  into  aetaliic  cabinets,  which  in  a 
designation  of  the  type  cf  drive  is  characterized  by  letter  Sh.  For 
exaaple:  PE  -  drive  electroaagnetic  for  internal  installation  ShPE  - 
the  saae  drive,  but  built  in  the  cabinet  and  intended  for  external 
installation. 

18-2.  Hand  drives. 

In  hand  drives  for  the  start  of  switches  is  utilized  the 
auscular  force  of  aan.  These  drives  have  siaple  and  fail-safe  design, 
are  cheap,  siaple  in  operation  and  for  their  work  either  in  no  way 
they  are  reguired  the  special  sources  of  operational  current,  for 
exaaple  storage  batteries  or  can  be  used  the  low-power  sources  of  the 
direct  or  alternating  current  (for  greater  detail,  see  Vol.  2, 

Chapter  11). 
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Hand  drives  are  the  drives  of  direct  action;  therefore  their 
use/application  is  lisited  to  snitches  with  the  saall  aoaent/torgue 
of  start  -  with  effort/force  on  handle  or  handwheel  of  drive  not  aore 
than  25  kgf.  The  nse/application  of  hand  drives  on  oil  bulk-oil 
breakers  is  possible  only  in  such  a  case,  when  inpact  short-circuit 
current  in  the  site  of  installation  of  switch  does  not  exceed  30  kA, 
since  with  the  larger  current  of  too  considerable  proves  to  be  the 
elect rodynanic  force,  which  appears  upon  the  inclusion  of  the 
switches  indicated  to  the  existing  in  network/grid  short  circuit  and 
which  blocks  their  start.  These  linitations  in  the  use/application  of 
hand  drives  are  caused  by  the  fact  that  with  the  large 
efforts/forces,  necessary  for  the  start  of  switch,  nan  either  not  at 
all  will  be  able  hin  to  include/connect  or  it  will  hia  switch  on 
slowly,  which  upon  start  to  short  circuit  is  con jugated/conbined  with 
the  danger  of  welding  the  contacts  of  switch. 

There  are  nany  different  constructions/designs  of  hand  drives. 
Earlier  are  very  coaaon  were  connon  drives  of  the  type  KAH  (case 
autonatic  flywheel).  At  present  soviet  plants  nanufacture  the  aanual 
autoaatic  drives  of  types  PHA  (drive  nanual  autonatic)  and  PB8A  (B  - 
blinker).  Indication  about  that,  with  what  switches  it  is  possible  to 
apply  these  drives,  they  are  given  in  ‘fable  P-14. 


The  appearance  of  drive  of  the  type  PBBA  is  shown  in  Fig.  18-1 
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Actuator  is  built  in  cast  iron  bousing  1,  closed  with  cover/cap  2 
with  groove  for  lever  of  control  of  3.  Thrust/rod  by  4  connects 
actuator  with  the  switch  (see  Pig.  17-15).  In  relay  case  5  are  built 
in  overload  relay  6  and  low-voltage  relay  7.  Drive  is  shown  in  the 
connected  position  of  switch.  In  off  position  the  control  handle 
occupies  position  3'. 

Signal  relay  (lever)  8  serves  for  the  signaling  of  the  autonatic 
cutoff /disconnection  of  switch. 


4 


Fig.  18-1.  annual  automatic  drive  of  the  type  PRB A. 

Page  293. 

lith  the  aatoaatic  cutof f /disconnect ion  of  switch  signal  relay  8 
occupies  horizontal  position  8*  (is  utilized  nonconformity  in  the 
position  of  actuator  and  control  lever  -  switch  was  disconnected,  but 
lever  3  remained  in  engage  position).  In  order  to  drop/omit  signal 
relay,  it  is  necessary  lever  3  to  turn  to  position  3*. 

9  Types  blocking  contacts  KSA  are  connected  with  actuator  with 


thrust/rod  by  10 
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Different  positions  of  actuator  are  shown  in  Pig.  18-2.  Control 
lever  1  and  rigidly  connected  with  it  disk  18  can  freely  rotate  on 
axis  Ot.  The  connection/coaaunication  of  lever  1  with  thrust/rod  to 
switch  11  is  realized  with  the  aid  of  thiable  3  and  sain  lever  2.  On 
the  latter  there  are  plug  4,  eaployee  by  axis  of  his  rotation,  which 
can  be  aoved  in  horizontal  slot.  16,  carried  out  in  the  struts  of  the 
bracket,  on  which  is  attached  entire  actuator  within  its  housing.  To 
this  plug  4  loose  trip  5,  hinged  connected  with  thiable  19.  Thiable 
19  and  lever  6  are  aounted  to  fixed  axis  o2. 

In  the  connected  position  of  switch  (position  a)  its  springs 
atteapt  to  turn  lever  2  clockwise  (on  axis  4) .  This  blocks  that  that 
axis  8,  which  connects  thiable  3  with  control  lever  1,  is  located 
beyond  dead  center,  i.e.,  below  straight  line  ab,  which  connects  the 
centers  of  axes  a  and  Ot.  The  displacenent  of  axis  4  is  also 
iapossible,  since  trip  S  rests  into  the  seai-axis  of  6*  levers  6.  The 
butt  end  of  the  latter  rests  into  the  finger/pin  of  disconnecting 
plank  7,  by  restoring  spring  14. 

With  autoaatic  cutoff/disconnection  the  shock  worker  of  10 
disconnecting  electroaagnets  rests  in  the  finger/pin  of  plank  7  and 
turns  it  counterclockwise,  in  this  case  lever  6  is  freed/released  and 
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under  spring  effect  15  is  turned  counterclockwise.  Sewi-axis  6*  will 
■owe  away  it  to  the  left  and  free s/re leases  trip  5.  is  a  result  is 
freed/released  axis  4  and  aain  lever  2  -  switch  is  disconnected. 
Entire  J-^kage  occupies  the  positron,  depicted  in  the  diagraa  6  (plug 
4  is  aovec  rt  to  the  left  and  occupies  position  4'). 

lith  wanual  cutoff /disconnection  they  revolve  control  lever  1 
clockwise.  Together  with  it  rotates  disk  18,  which  turns  to  snail 
angle  frictionally  connected  with  it  lever  13,  freely  aounted  to  axis 
0t  (17  -  screw/propeller  for  controlling  the  spring  of  friction 
coupling) .  The  butt  end  of  lever  1J  rests  in  the  finger/pin  of 
disconnecting  plank  7  and  turns  it.  Lever  6  is  freed/released,  and 
switch  is  disconnected.  Further  notion  of  lever  1  downward  occurs 
with  off  switch. 

It  is  not  difficult  to  be  convinced  that  the  autonatic 
cutoff/disconnection  occurs  also  in  such  a  case,  when  we  long  hold  by 
hand  lever  1.  Linkage  3-2-5-19-6  foras  the  aechanisa  of  the  free 
release  of  drive. 

In  order  to  include/conaect  switch  after  its  autoaatic 
cutoff/disconnection,  it  is  necessary  lever  of  control  1  to  turn 
downward.  Together  with  control  lever  is  turned  disk  18,  which  with 
the  aid  of  thrust/rod  by  12  abstracts/reaoves  lever  6  to  the  left.  In 
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this  case  the  end/lead  of  trip  5  goes  under  seal-axis  6',  and  the 
butt  end  of  lexer  6  will  begin  to  fall  for  the  finger/pin  of  plank  7 
(positions  c  and  d). 


In  drives  with  built-in  low- voltage  relay  lever  1  in  lower 
position  presses  on  knob/button  9,  with  the  aid  of  which  is  started 
the  aechanisa  of  relay  (reset) , 


Upon  start  (froa  position  d)  they  turn  lever  1  upward. 


Pig.  18-2.  Schematic  of  actuator  of  the  type  PBBA  in  different 
positions,  a)  is  connected;  b)  after  the  automatic 

cutoff /disconnection;  c)  with  the  winding  up  of  the  aechanisn;  d>  in 
initial  position. 


Page  294. 


Since  axis  4  in  this  position  is  aotionless,  then  by  leans  of  thimble 
3  lever  2  is  turned  counterclockwise  on  axis  4  and  thrust/rod  by  11 
is  noved  to  the  right  (on  drawing!  -  switch  is  included. 
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The  appearance  of  drive  of  the  type  PSA  is  shown  in  Pig.  18-3. 
Process/operations  perfora  by  handle  1  whose  plug  is  put  on  to  axis 
2.  On  the  back  of  plug,  within  housing  3,  are  two  f ingers/pins,  with 
the  aid  of  which  the  notion  of  handle  1  through  the  levers  of  the 
aechanisa  of  the  free  release  of  drive  is  transmitted  to  shaft  4, 
connected  with  the  shaft  of  switch  (as  in  Pig.  18-5). 

Pig.  18-3  drive  shows  in  the  connected  position.  Disconnecting 
springs  of  switch  atteapt  to  turn  shaft  4  and  actuator  against  the 
direction  of  rotation  of  hour  hand,  what  block?  retaining  catch, 
built  in  the  housing  of  drive.  Por  a  aanual  cutoff/disconnection  it 
suffices  to  turn  handle  1  to  very  saall  angle  counterclockwise.  In 
this  case  retaining  catch  is  displaced  and  actuator  with  shaft  4  they 
are  freed/released.  Together  with  this  it  is  freed/released  and  the 
aovable  system  of  switch  -  the  latter  -nder  the  action  of  its 
disconnecting  springs  is  disconnected. 

The  aechanisa  of  the  free  release  of  drive  separates  shaft  4  and 
plug  of  handle  1;  therefore  latter  with  the  cutoff/disconnection  of 
switch  does  not  rotate.  After  the  cutoff /disconnection  of  switch  the 
operator  continues  to  crank  counterclockwise  to  those  pores  (to 
backstop),  until  occurs  the  cohesion/coupling  the  f ingers/pins  of  the 
plug  of  handle  with  the  levers  of  the  aechanisa  of  free  release,  but 
thereby  also  with  shaft  4.  Drive  will  be  "brought",  i.e.,  it  is 
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prepared  to  start. 

Upon  the  inclusion  handle  rapidly  revolve  in  direction  the 
rotations  of  hour  hand.  In  this  case  pins  of  the  plug  of  handle  by 
■eans  of  the  levers  of  the  eechanisn  of  free  release  revolve  shaft  4 
and  is  connected  switch.  Process/operation  concludes*  when  the 
novable  system  of  drive  proves  to  be  its  closed  trip. 

ffith  automatic  cutoff/disconnection  the  shock  worker  of  the  core 
of  the  disconnecting  electroaagnet  acts  on  retaining  catch  of  drive 
which  frees/releases  actuator  and  shaft  4,  after  which  the  switch 
under  the  action  of  its  disconnecting  springs  is  disconnected.  Lever 
1  does  not  rotate  and  reiains  in  position  "connected".  For  the 
subsequent  start  of  switch  it  is  necessary  to  prepare  (to  bring) 
drive*  i.e. ,  to  turn  its  handle  counterclockwise  before  the 
cohesion/coupling  of  the  fmgers/pins  of  plug  with  the  lever  of  the 
nechanisn  of  free  release. 
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electromagnet  and  separately  established/installed  overload  relay;  K 
*  knob/button  of  remote  cutoff/disconnection. 

Page  295. 

Hand  drives  can  be  equipped  (in  different  combinations)  with  the 
disconnecting  electromagnets  for  a  work  on  direct  and  alternating 
current,  two  or  three  built-in  overload  relays  of  momentary  effect, 
with  one  built-in  low- voltage  relay. 

The  spill  current  of  built-in  overload  relays  regulate  by  change 
numbers  of  turns  of  their  coils.  If  necessary  it  is  possible  to  apply 
relay  with  the  mechanism  of  time  element,  making  it  possible  to 
regulate  triggering  tine  in  limits  from  0  to  4  s  (drives  of  the  type 
PBA,  equipped  with  relay  with  the  mechanism  of  time  element,  are 
designated  by  PBAH)  . 

Pig.  18-4  in  the  fora  of  an  example  gives  the  elementary 
diagrams  of  hand  drives:  the  diagram  of  drive  with  two  built-in 
overload  relays  of  momentary  effect  and  one  built-in  low-voltage 
relay  (Pig.  18-4a)  and  diagram  of  drive  with  one  built-in 
disconnecting  electromagnet  on  operational  direct  current  and  two 
separately  established/installed  overload  relays  (Pig.  18-4b) . 


DOC  =  79134818 


4 


“s“  ^/57 

By  the  exaained  aanual  automatic  drives  cannot  be  switched  on 
switches  reeotely  and  autoaaticaiiy  and  this  is  their  fundaaental  and 
very  essential  def iciency/lack,  which  liwits  soaetiaes  their 
ose/ipplication. 

18-3.  Cargo  and  spring  drive. 

At  present  very  widely  autonate  electrical  devices  how  is 
achieved  a  considerable  increase  in  the  reliability  of  the  power 
supply  of  users,  an  increase  in  the  efficiency/cost-effectiveness  of 
the  operation  of  electrical  devices  and  the  decrease  of  the  nueber  of 
service  personnel. 

On  electrical  stations  and  substations  with  light  switches  to 
conparatively  low  power  of  cutoff/disconnection  (to  300-400  HVA)  the 
problea  and  autoaatic  reaote  control  of  switches  aost  siaply  and 
cheaply  is  solved  with  the  aid  of  hand  drives  of  the  indirect  action: 
cargo  ones  and  spring.  Xhe  iaportant  advantage  of  these  drives, 
besides  the  previously  enuaerated  advantages  of  all  hand  drives,  is 
the  fact  that  they  consuae  very  saall  electrical  power  with  the 
process/operations  of  start  and  cutoff /disconnect ion  and  can  reliably 
work  both  on  operational  direct  current  and  on  operational 
alternating  current.  In  the  latter  case  is  not  required  the 
construction  of  the  battery  installation  (for  greater  detail,  see 
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Tol«  2,  Chapter  11). 

Bith  the  aid  of  these  drives  can  be  carried  out  eanual  and 
reeote  control  of  switches,  automatic  breaking  of  stand-by  lines,  of 
power  transforaers  and  electric  aachines  (AVB) ,  autoaatic  reset  of 
the  eaergency  disconnected  parts  of  electrical  devices  (APV) ,  etc. 

Cargo  drives.  Pig.  18-5  shows  the  installation  of  annual  cargo 
drive  of  the  type  PG-10  on  an  oil  breaker  of  the  type  VNB-10. 

Actuator,  relay  of  protection  and  electroaagnets  of  the 
inclusion  and  cutoff /disconnection  are  placed  in  welded  housing  1. 
Through  the  rear  wall  of  housing  is  brought  out  shaft  2  (drive 
shaft) ,  which  with  the  aid  of  clutch  3  is  connected  with  the  shaft  of 


switch  4 


Pig.  18-5.  Installation  of  nanual  cargo  drive  of  the  type  PG-10  on 
oil  breaker  of  the  type  VHB-10. 

Key:  (1).  Hoisting  device  and  settling  of  tank. 

Page  296. 

Bithin  housing  at  shaft  butt  end  2  is  rigidly  seated  the  lever, 
called  the  lever  of  shaft. 

Upon  the  start  of  switch  drive  shaft  and  its  lever  they  turn 
clockwise  to  the  angle,  depending  on  the  type  of  switch.  In  the 
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connected  position  the  levee  of  shaft  seizes  retaining  catch  of 
drive,  which  holds  thereby  switch  in  the  connected  position. 

For  the  cutoff/disconnection  of  switch  it  is  necessary  to 
conpound  retaining  catch  indicated  so  that  it  would  free  the  lever  of 
shaft.  Then  under  the  action  of  its  disconnecting  springs  switch  is 
disconnected.  In  this  case  shaft  2  and  its  lever  is  turned  to  certain 
angle  counterclockwise.  The  displacement  of  retaining  catch  and  the 
cutoff/disconnection  of  switch  aost  renote  possible  -  with  the  aid  of 
the  built-in  the  drive  disconnecting  electronagnet,  autoaatic  -  with 
the  aid  of  the  built-in  the  drive  relays  or  with  the  aid  of  the 
disconnecting  electronagnet  and  the  separately  established/installed 
relays  and  annual  -  with  the  aid  of  the  knob/arn/handle,  placed  fron 
the  side  the  housing  of  the  drive  (it  is  sinilar  to  knob/arn/handle  2 
in  spring  drive,  shown  in  Fig.  18-6). 

Drive  has  a  nechanisa  of  free  release;  therefore  with  the 
cutoff /disconnection  of  switch  handwheel  5  on  rotates. 

Through  the  front/leading  cover/cap  of  the  housing  of  drive  is 
passed  the  second  shaft  of  snail  length  (shaft  of  the  handwheel) ,  to 
tetrahedral  free  end  of  which  they  are  put  on  handwheel  by  5  with 
block  6,  which  has  groove  for  cable  7.  one  end/lead  of  the  cable  is 
attached  on  block,  fron  other  end/lead  of  the  cable  is  suspended/hung 
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load  8.  The  total  cargo  weight  depends  on  the  type  of  switch  and  is 
froe  18  to  55  kg.  Is  regulated  the  cargo  weight  by  detachable 
circular  weights. 

At  shaft  butt  end  of  handwheel  (within  housing)  is  aounted 
rocker  shaft  ara  which  with  the  aid  of  actuator  is  engaged  with  the 
lever  of  shaft  2  during  the  process/operation  of  start. 

If  switch  is  disconnected,  then  for  its  start  it  is  necessary  to 
preliainarily  prepare  (to  bring)  drive.  For  this  they  by  hand  turn 
handwheel  5  counterclockwise  and  is  risen  load  8  to  its  naxiaua  upper 
position.  Sinultaneously  within  housing  is  turned  the  lever  of  the 
handwheel  which  in  end  position  is  cut  off  by  the  special  trip,  which 
holds  load  in  the  raised  position  (trip  of  load).  Sinultaneously  are 
engaged  the  levers  of  handwheel  and  drive  shaft.  Therefore,  if  we  now 
displace  the  trip  of  load  and  to  free  the  lever  of  handwheel  and 
load,  then  the  latter  with  its  incidence/drop  will  turn  the  engaged 
levers  of  handwheel  and  drive,  but  thereby  also  shaft  2  clockwise  -  a 
switch  will  be  connected.  At  the  end  of  the  course  of  start  the  lever 
of  shaft  is  seized  by  retaining  catch  of  drive.  Depth  of  fall  in  the 
load  of  approxiaately/exeaplarily  450  an. 

The  displaceaent  of  the  holding  trip  of  load  and  the  start  of 
switch  is  conducted  reaotely  with  the  aid  of  special  clutch  aagnet  or 


DOC  =  79134818 


PAGE 


by  hand  via  pressure  the  core  of  the  saae  electromagnet. 

Pros  that  presented  it  is  evident  that  the  handwheel  serves  only 
for  the  preparation  of  drive  for  start. 

If  we  with  the  connected  switch  bring  drive,  i.e.,  to  raise  its 
load,  then  after  automatic  cutoff/disconnection  froa  the  relay  of 
protection  the  trip  of  load  mechanically  is  displaced  and  switch 
automatically  is  included  how  is  realized  instantaneous  APT  (for 
greater  detail,  see  Vol.  2,  Chapter  14).  If  necessary  the 
device/equipaent  APT  can  oe  brought  out  froa  the  work  (with  the  aid 
of  the  knob/ara/handle,  similar  to  knob/ara/bandle  2,  shown  in  Pig. 
18-6;  there  it  is  visible  lever  3,  which  indicates,  does  work  drive 
with  APT  or  without  APT) . 

The  exaained  cargo  drives  are  applied  for  the  saae  switches,  as 
usual  hand  drives.  The  electroaagnets  of  drive  consuae  the  power  not 
aore  than  300-500  W.  Depending  on  the  type  of  switch  the  tine  of 
start  is  0.2-0.35  s. 

A  deficiency/lack  in  these  drives  is  the  need  for  their  annual 
preparation  for  start. 


The  aore  advanced  construction/design  is  drive  of  the  type 
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PGH-10,  in  which  is  provided  supplementary  device/eguipaent  for  the 
power  elevation  of  load  after  each  functioning  of  drive  for  the  start 
of  switch.  This  device/eguipaent  consists  of  the  electric  aotor  of 
direct  or  alternating  current  by  the  power  of  50-100  i,  worn  reducer, 
toothed  gears  and  terainal  switches. 

After  the  start  of  drive  special  roller  on  block  closes  terainal 
switch,  which  switches  on  electric  aotor.  The  latter  with  the  aid  of 
reducer  and  gears  turns  handwheel  and  is  risen  load.  Hear  the  end 
upper  position  of  load  terainal  switch  is  disconnected  and 
interrupts/breaks  the  feed  of  electric  aotor. 

Page  297. 

But  at  this  aoaent  drive  is  already  brought  and  is  held  by  the  trip 
of  load,  i.e.,  it  is  ready  to  the  subsequent  process/operation  of 
start.  The  autoaatic  preparation  of  drive  lasts  not  aore  than  6-10  s. 

Spring  drives  differ  froa  the  disaantled/selected  cargo  drives 
at  the  fundaaental  the  fact  that  in  thea  instead  of  the  load  is  used 
the  steel  helical  spring,  built  in  the  ria  of  handwheel  (Fig.  18-6). 
For  the  start  of  switch  it  is  necessary  to  preliainarily  bring 
spring,  after  turning  handwheel  to  the  specific  angle. 
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In  drives  of  the  type  PP-1Q  the  spring  can  be  brought  only  by 
hand,  with  the  aid  of  handwheel. 

In  drives  of  the  type  PPM- 10  is  a  built-in  low-power  electric 
notor  (as  in  cargo  drives  of  the  type  PGH-10),  which  Bakes  it 
possible  to  tighten  up  a  spring  not  only  by  hand,  but  also  it  is 
renote  or  autoaatically  after  each  start  of  switch  (Pig.  18-6). 

In  other  respects  aechanisa  of  spring  drive  it  is  arranged 
analogously  with  the  aechanisa  of  cargo  drives.  Certain  iaproveaent 
of  the  parts  of  spring  drive  aares  it  possible  to  apply  thea  under 
conditions  of  the  large  frequency  of  process/operations,  for  exaaple 
in  electric  furnace  installations. 

Knob/ar a/handle  2  (Fig.  18-6)  serves  for  the  aanual 
cutoff/disconnection  of  switcn.  Lever  3  is  indicator,  connected  or 
not  device/equipnent  of  instantaneous  API  (see  above  description  of 
cargo  drive). 

Vith  aanual  lever/crank  spring  drive  soae  of  different 
construction/design  are  supplied  gas-generating  switches  of  the  type 
VG-10,  briefly  described  into  §17-4.  These  drives  coapose  one  whole 
with  switches. 
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Spring  drive  can  be  carried  out,  also,  for  control  of  heavy 
switches  to  the  large  power  of  cutoff /disconnection.  These  drives  are 
supplied  with  several  strong  springs  which  can  be  stretched  only  with 
the  aid  of  the  built-in  electric  aotor.  Soviet  plants  such  drives  do 
not  eanufacture. 

18-4.  Electromagnetic  actuators. 

Blectroaagnetic  actuators  can  be  prepared  for  and  automatic 
reeote  control  of  any,  switches.  The  scheaatic  diagram  of  the 
device/equipaent  of  simplest  electromagnetic  actuator  is  given  in 
Pig.  18-7.  Basic  parts  of  drive  are  switching  on  1  and  disconnecting 
3  electromagnets  and  retaining  catch  5.  The  core  of  2  clutch  magnets 
is  connected  with  the  aid  of  thrust/rod  by  6  with  lever  7,  mounted  to 
the  shaft  of  8  switches. 

Vith  cutoff/disconnection  the  core  of  4  disconnecting 
electromagnets  strikes  into  the  long  arm  of  trip  5,  the  cap  of  the 
latter  slips  from  core  2,  after  which  the  switch  under  the  action  of 
its  disconnecting  springs  is  disconnected. 

For  start  close  circuit  tne  coils  of  clutch  magnet  1,  after 
which  its  core  2  is  pulled  and  by  means  of  thrust/rod  by  6  turns 
lever  by  7  on  the  shaft  of  switch.  Switch  is  included;  in  the 
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connected  position  entice  system  is  held  by  trip  5. 


As  a  result  of  the  direct  connection  of  core  2  with  the  shaft  of 
switch  with  the  aid  of  thrust/rod  by  6  and  lever  7  drive  does  not 
have  free  release.  In  drives  without  the  free  release:  1)  switch 
cannot  automatically  be  disconnected  froa  the  relay  of  protection,  if 
core  2  nechanically  was  wedded  or  "sealed"  within  coil  or  if  the 
about  latter  on  any  reasons  long  flows  current. 
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Pig.  18-6.  Spring  drive  of  the  type  PPR-10  with  the  self-starter  of 
spring. 


Pig.  18-7.  Diagrae  of  electromagnetic  actuator. 


Key:  (1).  It  is  connected.  (2).  It  is  disconnected. 


Page  298. 


2)  the  aechanical  and  aagnetic  retardation  of  core  2  daring  its 
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motion  within  the  coil  of  clutch  magnet  with  the  cutoff/disconnection 
of  switch  considerably  increases  the  tiee  of  its 

cutoff/disconnection;  3)  automatic  cutoff /disconnect ion  is  possible 
only  after  switch  conpletely  was  iacladed/connected ,  since  only  after 
full/total/conplete  start  switch  ceases  the  feed  of  electromagnet  1, 
which  also  increases  the  tise  of  the  autonatic  cutoff/disconnection 
of  switch. 

On  the  reasons  indicated  all  electromagnetic  actuators  perform 
with  the  mechanisms  of  free  release,  which  ensure  the  release  of  the 
core  of  clutch  magnet  wits  transmission  to  the  shaft  of  switch  during 
its  cutoff/disconnection.  By  this  it  is  provided:  1)  the  automatic 
cutoff/disconnection  of  switch  with  the  long  sucked  core  of  clutch 
magnet;  2)  independence  with  the  cutoff /disconnection  of  the  motion 
of  the  drive  mechanism  of  switch  from  the  return  of  the  core  of 
clutch  magnet  in  the  initial  position;  3)  automatic 

cutoff /disconnection  on  the  larger  part  of  the  course  of  start,  i.e., 
it  is  earlier,  rather  than  switch  completely  will  be 
included/connected. 

To  the  advantages  of  electromagnetic  actuators  should  be  related 


simplicity  of  their  construction/design,  small  cost/value  and  high 
reliability  of  operation. 
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Electroaagnetic  actuators  are  the  drives  of  direct  action; 
therefore  their  clutch  aagnets  consuae  very  large  current  -  ten  and 
hundreds  of  anperes.  This  is  aain  disadvantage  in  electroaagnetic 
actuators. 

The  disconnecting  electroaagnet  consuaes  saall  current,  usually 
several  aaperes. 

Electroaagnetic  actuators  noraally  are  constructed  for  a  work  on 
direct  current.  Therefore  in  the  installations,  equipped  by 
electroaagnetic  actuators,  it  is  necessary  to  have  sufficiently 
powerful/thick  storage  batteries  for  their  feed.  Furtheraore,  is 
necessary  the  separator  of  power  cables  of  sufficiently  large  cross 
sections  for  the  feed  of  drives. 

Electroaagnetic  actuators  on  alternating  current  have  large 
sizes/diaensions,  their  construction/design  is  aore  coaplicated, 
cost/value  is  above.  Is  aore  current  at  the  aoaent  of  start.  The 
advantage  of  the  drives  of  alternating  current  in  the  fact  that  for 
their  work  is  not  required  the  installation  of  powerful/thick  storage 
batteries. 

Possibly  also  the  use/a pplication  of  drives  of  direct  current 


with  feed  by  their  rectified  current  (see  Vol.  2,  Chapter  11) 
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The  time  of  the  inclusion  with  the  aid  of  electromagnetic 
actuators  in  dependence  on  the  type  of  snitch  is  froe  0.18  to  0.8  s. 

Soviet  plants  aanufacture  several  types  of  electromagnetic 
actuators  of  direct  current.  The  majorities  of  the  produced  at 
present  switches  are  supplied  with  the  drives  of  types  PS  and  PE 
(Tables P-14  and  P-16). 

Clutch  magnets  of  drives  perform  on  110  and  220  V,  and  the 
disconnecting  electromagnets  to  the  same  voltages  or  to  voltages  24 
and  48  V  (with  feed  from  special  battery).  The  magnet  coils  of  some 
drives  consist  of  two  parts,  which  makes  it  possible  one  and  the  sane 
drive  to  apply  to  two  voltages;  with  parallel  connection  of  coils  on 
110  V ,  and  with  series  connection  on  220  V. 

Pig.  18-8  shows  drive  of  the  type  PS- 10  (in  the  connected 
position) ,  intended  for  the  switches  of  the  small  disconnecting 
ability  and  by  voltage  not  more  than  35  kV,  for  example  for  the 
switches  of  types  VHB-10,  VUG,  etc.  Pig.  18-9  schematically  shows 
actuator  in  different  positions. 


* 


A 
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Page  299. 

Drive  shaft  11  is  rigidly  connected  with  the  shaft  of  switch. 
Actuator  consists  of  the  attached  on  drive  shaft  of  the  lever  of  12, 
three  identical  connecting  links  (levers)  13,  14  and  15,  roller  20  to 
axis  0|f  two  identical  connecting  links  16  and  17  the  trip  (backstop) 
of  21,  equipped  with  spring. 

Lever  12  with  connecting  link  13,  and  also  all  connecting  links 

between  themselves  are  hinged  with  the  aid  of  axes  0,,  02,  03  and  0*. 

Connecting  link  15  is  suspended/hung  from  fixed  axis  19;  connecting 
link  17  also  has  fixed  axis  18. 

At  the  connected  position  of  switch  axis  0t  of  roller  20 
lies/rests  on  trip  21,  and  connecting  link  16  -  on  backstop  22. 
Connecting  links  16  and  17  occupy  such  position,  that  the  center  0* 
lies/rests  below  the  line  of  centers  04  it  lies/rests  below  line  of 
centers  o3  and  18,  i.e.,  center  0*  lies/rests  somewhat  lower  than 

dead  center  of  connecting  links  16  and  17.  Backstop  22  blocks  the 

displacement/movement  of  coaponents/links  16  and  17  downward  (see 

also  Pig.  15-5).  The  disconnecting  springs  of  switch  attempt  to  turn  j 

I 

3 
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its  shaft,  and  thereby  al3o  entire  linkage  of  drive  in  the  direction 
of  rotation  of  hour  hand.  This  blocks  the  fact  that  axis  Ot  rests 
into  trip  21,  and  axis  03  is  held  by  temporarily  rigid  linkage 
15-16-17. 


With  remote  cutoff/disconnection  is  closed  the  circuit  of  the 
coil  of  disconnecting  electromagnet  7  (by  key/wrench  of  control  or  by 
contacts  of  the  relay  cf  protection) ,  core  8  is  pulled  into  coil  and 
by  striker  9  it  displaces  upwrrd  connecting  link  17.  As  soon  as  axis 
o4  will  pass  dead  center  of  connecting  links  16  and  17,  the  latter 
break  (Fig.  18-9b)  and  temporarily  fixed  link  o3  is  displaced  to  the 
right.  As  a  result  of  this  the  linkage  12,  13,  14  and  15  acquires 
mobility,  axis  ot  of  roller  20  slips  from  trip  21,  and  under  the 
action  of  the  disconnecting  springs  of  switch  occurs  its 
cutof f/disconnection .  Roller  20  fails  downward,  until  it  gets  up 
against  the  groove,  available  on  the  internal  surface  of  trip  21.  At 
this  moment  blocking  contacts  27  (Fig.  18-8)  disrupt  the  circuit  of 
disconnecting  electromagnet  7,  and  core  8  falls  downward, 
freeing/releasing  connecting  links  16  and  17.  Under  spring  effect  on 
axes  19  and  03  (on  diagrams  they  are  not  shown)  actuator  brings  to 
the  position,  depicted  in  Fig.  18- 9c;  axis  ot  of  roller  20  enters 
into  the  groove  of  trip  21.  Drive  is  prepared  to  start. 


Upon  start  closes  circuit  the  coils  1  of  clutch  magnet.  Core  2 


I 
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is  pulled  inside  the  coil,  seizes  a y  stock/rod  3  roller  20  it  aoves 
it  upward.  Linkage  14,  13  and  12  is  turned  around  temporarily  fixed 
center  03;  shaft  11  is  turned  on  the  arrow/pointer  of  hours.  With 
upward  aotion  axis  Ot  of  roller  slips  on  the  surface  of  trip  21  and 
soaewhat  presses  the  latter  to  the  left  (Pig.  18-9d).  When  axis  Ot 
proves  to  be  above  trip  21,  the  latter  under  the  action  of  its  spring 
is  deflected  it  to  the  right  and  seizes  from  below  axis  Ot,  holding 
entire  systea  in  the  connected  position.  At  the  end  of  the  course  of 
start  blocking  contacts  27  (Fig.  18-8)  disrupt  the  circuit  of  the 
start  of  drive,  core  2  with  stock/rod  3  is  supplied  downward.  Inpact 
is  softened  by  buffer  rubber  plates  25.  Entire  systea  occupies  the 
position,  depicted  in  Fig.  18-8  and  18-9a. 


rig.  18-9.  Different  positions  of  actuator  of  the  type  PS-10,  a)  is 
connected;  b)  the  beginning  o f  the  cutoff/disconnection;  c)  is 
disconnected;  d)  at  the  end  of  tha  course  of  the  start;  e)  the 
cutof f /disconnection,  whica  follows  ieeediately  after  start. 

Page  300. 

If  switch  is  included  to  the  existing  in  network  short  circuit, 
then  automatic  cutof f /disconnection  occurs  also  in  such  a  case,  when 
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stock/rod  3  still  is  found  in  upper  position,  that  as  under  the 
influence  of  the  striker  of  9  disconnecting  electromagnets  on 
coaponents/links  16  and  17  occurs  the  displacement  to  the  right  of 
hinge  03,  and  roller  20  slips  from  the  end/lead  of  stock/rod  3  (Pig. 
18-9e) .  The  consequently,  hinged  body-fixed  system  of  motion  rods 
provides  the  free  release  of  moving  part  of  the  drive  (stock/rod  of 
clutch  magnet)  and  switch. 

Blocking  contacts  26  m  tne  feed  circuit  of  the  coil  of  1  clutch 
magnet  are  adjusted  so  that  they  are  closed  at  the  very  beginning  of 
the  course  of  the  cutof i/disconnection  of  drive.  Therefore,  if 
automatic  cutoff /disconnection  from  relay  proceeds  at  noment/torque, 
the  code  the  key/wrench  cf  control  is  located  even  in  position  Hon", 
then  at  the  very  beginning  of  the  course  of  cutof f /disconnection  coil 
1  will  again  obtain  feed  and  core  2  it  will  again  prove  to  be  pulled 
and  besides  earlier  than  roller  20  is  occupied  its  lower  position 
(stock/rod  3  can  catch  roller  only  if  the  axis  of  roller  will  enter 
into  groove  in  trip,  but  in  tms  case  this  will  not  occur,  since 
stock/rod  will  be  raised  earlier  than  will  be  dropped/omitted  the 
roller  (see  Pig.  18-9e).  Therefore  is  removed  the  reclosing  of  switch 
to  short  circuit.  Core  2  remains  that  sucked  until  closed  circuit  of 
coil  1. 


Metallic  cylinder  o  within  coil  (Fig.  18-8)  shields  it  from 


DOC  =  79134819 


PAGE 


damage  by  core  during  its  aotion.  Brass  Masher  4  prevents  the 
adhesion  of  core  to  the  housing  of  drive  after  the  start;  for  the 
saae  purposes  to  stock/rod  3  is  put  on  wringing  out  spring  5. 

Manual  start  is  possible  with  the  aid  of  gas  tube  (/=*  500-800 
aa;  diameter  3/4"),  which  is  slipped  over  lever  23.  Daring  the 
rotation  of  lever  roller  24  rises  core  2  upward  -  occurs  the  start  of 
switch. 


Fig.  18-10.  installation  o£  electromagnetic  actuator  of  the  type 
PS-10  on  an  oil  breaker  ot  the  tyye  VNG-133. 

Key:  (1).  Section/cut  on. 

Page  301. 

Manual  start  is  adaissible  only  with  testing  and  control  of  drive  and 
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switch  during  mounting  or  repair,  The  operational  start  by  hand  of 
switch  to  network  is  i nadmissioie.  For  a  manual  cutoff/disconnection 
serves  knob/button  10.  Contacts  2d  change  over  the  circuit  of  the 
signal  lamps  (see  diagram  m  Fig.  18-11). 

In  f^ig  18-10  is  shown  the  installation  of  drive  of  the  type 
PS-10  on  an  oil  breaker  of  the  type  VUG- 133.  Drive  shaft  1  by  clutch 
2  is  connected  with  auxiliary  shaft  3  rotating  in  bearing  4, 
fastened/strengthened  to  the  frame  5  of  switch.  Rocker  shaft  arm  6  on 
shaft  3  is  connected  with  thrust/rod  7  with  rocker  shaft  arm  8  on  the 
shaft  of  switch  9.  Thus,  the  rotation  of  drive  shaft  through  the 
hinged  connected  system,  which  consists  of  lever  6,  thrust/rod  7  and 
lever  8,  is  transmitted  to  the  shaft  of  switch. 

In  Fig.  18-11  is  given  the  simplified  electrical  diagram  of 
remote  control  of  switcn  witn  the  aid  of  electromagnetic  actuator 
whose  mechanical  feature  is  snown  conditionally.  Diagram  is  supplied 
fron  the  storage  battery  through  busses  of  control  ShU,  which  are 
located  on  the  panel  of  control,  and  busses  of  inclusion  ShV,  laid  in 
the  distributing  device/eguipaent  and  intended  for  the  feed  of  the 
circuits  of  clutch  magnets  Vi  of  the  drives  of  switches. 

For  the  closing  a  circuit  of  the  switching  on  and  disconnecting 
electromagnets  of  drive  are  applied  the  pushbutton  or  rotary 
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keys/wrenches  of  control.  In  diagram  in  Fig.  18-11  is  shown  the 
simplest  pushbutton  key/wrench  of  the  control  KU,  which  consists  of 
two  normally  extended  kncbs/buttons  of  start  j(  and 
cutoff /disconnection  0. 

Switch  in  the  diagraa  is  shown  in  the  connected  position,  about 
which  signals  the  burning  red  light  LK. 

with  remote  cutof f/disconnaction  by  knob/button  0  they  close  the 
circuit  of  the  disconnecting  electromagnet  OE,  after  which  the  trip  Z 
is  displaced  and  switch  under  action  by  disconnecting  springs  OP  is 
disconnected. 

Blocking  contacts  bK  are  changed  over:  contacts  2  and  3  are 
broken,  but  contacts  1  and  4  are  closed.  The  circuit  of  electromagnet 
OE  is  broken.  Red  light  LK  goes  out,  and  green  light  LZ  is  fired. 

During  short  circuit  in  circuit  it  operates/wears  relays  T  and 
its  contacts  it  closes  the  circuit  of  the  disconnecting  electromagnet 
OE  -  switch  is  disconnected. 

Let  us  examine  the  inclusion  of  switch,  bearing  in  mind  that 
when  it  is  disconnected,  blocking  contacts  1  are  closed,  and  blocking 
contacts  2  are  open. 
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By  knob/button  $  they  close  tne  circuit  of  the  holding  magnet  of 

A 

the  intermediate  contactor  K,  established/installed  in  distributive 

£ 

device  and  connected  into  circuit  clutch  magnet  V|.  Contactor  K  is 

£ 

included  and  closes  the  circuit  of  elect romagnet  -  switch  is 

included.  Blocking  contacts  BK  are  changed  over.  During  interrupting 

of  the  contacts  1  breaks  the  circuit  of  the  electromagnet  of 

contactor,  the  latter  are  disconnected  and  breaks  the  circuit  of 

£ 

clutch  nagnet  VB. 

rs 

Prom  the  aforesaid  it  is  evident  that  knobs/buttons  ?  and  0,  and 
also  the  contacts  of  the  relay  of  protection  T  only  close  the 
corresponding  circuits,  whereas  the  gap  of  these  circuits  is  realized 
by  more  powerful/thick  units  by  contacts  1  or  2.  By  these  is 
prevented  the  considerable  fusing  of  the  contacts  of  knobs/buttons 
and  relay. 


Contactor  K  in  the  circuit  of  clutch  magnet  is 
established/installed  in  order  not  to  load  the  key/wrench  of  control 
of  the  high  current,  consumed  oy  this  electromagnet,  or  to  avoid  the 
cable  laying  of  large  cross  section  from  control  board  to  drive. 


Another  electromagnetic  actuators  of  types 


£ 

PS  and  P^ 


(table 


d 
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P-16)  have  some  design  differences  fro*  the  disaantled/selected  drive 
of  the  type  PS-10,  but  in  thea  is  also  provided  aechanical  interlock 
for  peventing  reclosing  of  switch  in  the  case  of  its  automatic 
cutoff/disconnection  at  the  aoaant/torque  when  the  key/wrench  of 
control  reaains  even  in  position  ••on”. 
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Pig.  18- 1 1.  The  simplified  circuit  of  control  of  an  electromagnetic 

wire  of  the  type  PS-10.  V  -  kaob/button  of  connection;  0  - 

knob/button  of  the  cutof f/disconnection ;  LK  -  tube  red;  LZ  -  tube 

£ 

green;  BK  -  blocking  contacts;  -  clutch  magnet;  OE  -  disconnecting 

% 

electromagnet;  £  -  trip;  K  -  contactor;  P  and  P-1  -  safety 
devices/fuses;  Shu  -  busses  of  control;  Shv  -  busses  of  start. 

Key:  (1).  Distributor.  (2).  control  board. 

Page  302. 

Drives  of  the  type  PS- 30  do  not  have  mechanical  interlock  indicated; 
therefore  in  the  diagrams  of  their  control  is  provided  for 
appropriate  electrical  interlock  (see  Vol.  2,  chapter  16). 
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18-5.  Electric-motor  drives. 

Electric-motor  drives  can  oe  direct  and  indirect  action.  An 
example  of  the  electromotive  drive  of  direct  action  is  the 
centrifuqal  drive  whose  schematic  diagram  is  given  in  Pig.  18-12. 
Engine  rotates  the  linkage.  Bade  in  the  fora  of  parallelogram  with 
loads,  under  the  action  of  centrifugal  force  the  loads  diverge, 
parallelogran  is  presssed  and  carries  along  downward  the  thrust/rod, 
which  transmits  motion  to  the  saaft  of  switch.  In  the  connected 
position  entire  system  is  held  by  the  trip,  not  shown  in  the  diagram. 
After  the  termination  of  start  the  electric  motor  automatically  is 
disconnected  from  network,  centritugal  drive  is  supplied  with  the 
mechanism  of  free  release. 

Centrifugal  drives  can  be  supplied  with  the  electric  motors  of 
direct  or  alternating  current. 

Their  main  disadvantage  as  all  drives  of  direct  action,  is  the 
consumption  of  large  making  capacity.  Structurally/constructurally 
they  more  complicated  than  electromagnetic  actuators,  more  expensive 
than  the  latter  require  more  careful  drift/care. 
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In  the  USSR  centrifugal  drives  were  previously  Manufactured  with 
plant  "electrical  device"  (type  j?VH)  for  very  heavy  switches  220  k? 
of  the  type  MKP-274. 

An  example  of  the  electric-sotor  drive  of  indirect  action  is 
inertial  drive.  In  this  drive  the  electric  motor  untwists  the  sitting 
to  its  shaft  of  flywheel,  after  which  the  stored  up  in  flywheel 
kinetic  energy  is  ex pended/coasuaed  on  the  start  of  switch.  Starting 
process  following.  Prom  tae  panel  of  control  first  start  the  electric 
motor  of  drive,  which  turns/runs  up  massive  flywheel  during  about  10 
s.  On  the  achievement  by  the  engine  of  the  noraal  rotational  speed 
are  closed  the  contacts  of  tne  connected  with  shaft  engine  of 
centrifugal  relay  and  on  control  ooard  is  fired  the  signal  lamp, 
which  indicates  that  the  drive  is  ready  to  action.  At  necessary 
aoaent/torque  the  person,  who  generates  process/operation,  closes  by 
the  key/wrench  of  control  the  circuit  of  the  coil  of  the  engaging 
device/equi parent,  short-term  connecting  handwheel  shaft  with 
transmission  to  the  shaft  of  switch.  Simultaneously  is  disconnected 
supply  of  engine.  After  the  termination  of  start  the  engaging 
device/equipaent  indicated  automatically  returns  to  initial  position. 
Drive  is  equipped  with  the  mechanisa  of  free  release  and  with  the 
disconnecting  electroaagnet. 


The  power  of  electric  motor  is  only  0.3-0. 5  kw,  what  is  the 
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aajor  advantage  of  inertial  drive. 

In  the  USSR  inertial  drives  were  previously  manufactured  with 
plant  "electrical  device"  (type  PI). 

l£-6.  The  pneueatic  drives. 

In  the  pneueatic  drives  the  switch  is  included  by  the  coapressed 
air,  which  enters  froa  tha  special  reservoirs,  filled  by  air  froa 
central  blowing  plant.  By  nasic  parts  of  drive  (Fig.  18-13)  they  are 
cylinder  1  with  piston  2  whose  stock/rod  of  3  with  the  aid  of  the 
mechanism  of  free  release  is  connected  with  the  shaft  of  switch.  Upon 
start  is  opened/disclosed  elect ropneuaat ic  valve  5,  through  which  the 
air  from  reservoir  enters  cyliuder  1.  under  the  action  of  the 
coapressed  air  piston  2  is  moved  upward,  presssing  spring  4,  and 
stock/rod  3  is  produced  the  start  of  switch. 

Cutoff/disconnection  is  conducted  by  the  usual  disconnecting 
electroaagnet,  acting  on  the  free  release  of  drive. 

Fundamental  advantages  of  pneueatic  drives:  simplicity  of 
construction/design,  large  reliability  of  operation,  saall 
cost/value,  simplicity  of  operation,  saall  sizes/diaensions,  saall 
required  electrical  power.  Their  deficiency/lack  is  the  need  for 
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having  installation  of  the  coapressed  air. 

With  Soviet  industry  are  aanufactured  the  pneuaatic  drives  of 
the  type  P¥-30#  intended  for  control  of  six-tank  oil  switches  with 
saall  space  of  oil  of  types  of  MG- 10  and  MG- 20. 


Pig.  18-12.  fig  18-13. 


Fig.  18-12.  Diagram  of  centrifugal  drive. 

Key:  (1).  Lever.  (2).  Shaft  of  oil  switch.  (3).  Start.  (4). 
Centrifugal  force.  (5).  Load.  (6).  Electric  motor. 

Fig.  18-13.  Diagram  of  pneumatic  urive. 

Page  303. 

Drives  are  calculated  foe  wording  air  pressure  20  its  (gage)  and  are 
equipped  with  the  electromagnets  of  start  and  cutoff/disconnection  to 
voltages  110/220F  (with  switching). 

In  air  high-voltage  switches  the  pneumatic  drive  is  the  integral 
part  of  the  switch  itself. 


J 
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Chapter  Nineteen. 

Current  Transf oraers . 

19-1.  General  information. 

Current  transformers  apply  in  the  installations  of  alternating 
current  of  all  voltages  for  the  feed  of  the  consecutive  coils  of 
measuring  meters  and  relay  protection.  The  primary  winding  of  current 
transformer  (Pig.  19-1)  is  connected  consecutively/serially,  and  to 
secondary  winding  also  ccnsecut iveiy/ser ially  connect  the  coils  of 
instruments  and  relay. 

A  number  of  turns  wa  ol  secondary  winding  of  current  transformer 
several  tines  is  more  than  a  number  of  turns  wt  of  its  primary 
winding;  therefore  secondary  current  I2  is  less  than  the  primary 
current  I4. 

The  transformation  of  current  by  current  transformer 


characterizes  its  nominal  transformation  ratio  (designated  on  its 
panel)  : 
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where  /  and  lSuom—  noainal  priaary  and  secondary  currents  of 
current  t ran* for eer. 

Current  transforaers  are  aanuractured  with  such  transforaation 
ratios  with  which  their  roainal  secondary  current  is  usually  equal  to 
5  or  1  A.  Respectively  for  the  saae  current  are  designed  the 
consecutive  coils  of  instruaents  and  the  relays,  connected  up  current 
transforaers. 

Between  primary  and  secondary  windings  of  current  transforaer 
there  is  no  electric  coupling  (fig.  19-1);  therefore  they  greatly 
reliably  insulate  instruaents  and  relay  froa  the  voltage  of 
installation,  which,  in  tne  first  place,  Bakes  it  possible  to  apply 
instruaents  and  relay  with  insulation  to  voltage  of  up  to  1000V 
(secondary  voltage  of  current  transforaers  in  noraal  aode  does  not 
usually  exceed  several  ten  volts)  and,  in  the  second  place,  provides 
the  safety  of  their  aaintenance/servicing. 

So  that  with  the  breakdown  of  insulation  between  priaary  and 
secondary  windings  the  secondary  circuit  of  current  transforaer  would 
not  prove  to  be  with  respect  to  the  earth/ground  under  the  voltage  of 
priaary  circuit,  which  can  he  dangerously  for  personnel  and  can  lead 
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to  breakdown  to  the  earth  of  the  insulation  of  any  element/cell  of 
secondary  circuit,  in  installations  by  voltage  of  500V  and  above 
compulsorily  are  grounded  secondary  windings  of  current  transformers 
(Pig.  19-1). 

In  the  presence  of  the  grounding  indicated  and  with  the 
breakdown  of  insulation  between  saunt  windings  relative  to 
earth/ground  03  of  the  secondary  circuit  of  current  transformer 
proves  to  be  equal  to  a  voltage  drop  across  the  resistor/resistance 
of  the  grounding  device/equipment  r3  with  the  course  through  it  of 
the  current  of  single-pnase  ciosing/shorting  to  the  earth  I3  of  the 
network  of  the  primary  voltage  (see  Chapter  5),  i.e.,  U3=I3r3  (for 
greater  detail,  see  Vol.  2,  cnapter  21). 

Thus,  because  of  the  use/application  of  current  transformers  in 
the  installations  of  all  voitagas  and  at  any  values  of  operating 
currents  prove  to  be  possible  to  apply  instruments  and  relay  with 
insulation  to  voltage  or  up  to  1000V  and  with  the  windings, 
calculated  for  small  operating  currents  -  5  or  1  A,  which 
considerably  simplifies  tneir  construction/design.  Such  instruments 
are  cheap,  reliable  and  they  c an  possess  the  high  accuracy  of 
measurement.  In  this  case  one  should  consider  that  in  installations 
voltage  above  500  V  and  in  installations  with  large  operating 

cmrrents  the  start  of  instruments  and  relay  without  current 
transformers  is  generally  very  difficultly  or  even  it  is  ispossible. 

I 
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Fig.  19-1.  Schematic  of  the  device /equipment  of  current  transformer. 

Key:  (1).  Conclusion /output  of  parallel  coil. 

Page  304. 

Upon  start  through  current  transformers  devices  and  relay  can  be 
placed  in  considerable  distance  front  that  circuit,  in  which  is 
conducted  the  measurement.  For  the  connection  of  current  transforners 
with  instruments  and  relay  are  utilized  the  wires  and  the  cables  of 
the  comparatively  small  sections:  from  1.5-2. 5  to  6-10  mmj. 

For  convenience  in  the  operation  measuring  meter,  to  show  or  to 
consider  the  real  value  ci  the  primary  circuit:  ammeter  -  current 
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dial  face  is  calibrated  iu  accordance  with  the  transf ormation  ratio 
of  that  current  transf crmer,  with  which  this  instrument  will  be  used, 
which  is  indicated  on  dial  face. 

The  special  feature/peculianty  of  current  transformer  is  the 
fact  that  the  strength  of  current  lt  in  its  primary  winding  does  not 
depend  on  the  load  of  secondary  circuit  (from  the  value  of  secondary 
current  I2),  but  it  is  determined  exclusively  by  the  current  of  the 
load  of  primary  circuit,  into  waich  it  is  connected  in  series  (in 
power  transformers  with  a  cnange  in  secondary  current  varies  also 
primary  current) .  Therefore  also  tne  magnetic  flux  of  primary 
winding,  created  by  the  current  of  the  load  of  primary  circuit,  does 
not  change  with  a  change  of  tne  current  in  secondary  circuit. 

By  load  of  current  transforner  in  ohms  is  understood  impedance 
of  its  entire  external  s  .dary  circuit  zif  equal  to  the  sun  of  the 
resistors/resistances  of  all  series-connected  coils  of  measuring 
meters  and  relay  (£/•  «;  Sjcnpiltt),  and  also  jumpers  (ri.po.l  and  contacts 
(rKOMTV  1*  we  do  not  consider  insignificant  in  value  the  inductive 
reactance  of  wires  from  current  transformer  to  instruments,  then  it 
is  possible  to  write: 

+  %«,,)*  +  (Soc.pJV  (19-2) 

Burden  of  current  transformer  in  the  volt-amperes: 


=»/>.. 


(19-3) 
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From  formula  (19-3)  it  is  evident  that  with  noainal  secondary 
current  of  current  transformer,  egual  to  1A,  the  power  losses  in 
juapers  and  contacts  are  25  times  less  in  ccaparison  with  losses  with 

the  ainiaua  secondary  current  of  5  A.  This  is  allowed  at  assigned 

c 

noainal  load  z2ltou  or  noainal  power  of  current  transforaer  to 

considerably  decrease  the  section  of  juapers  froa  current  transforaer 
to  measuring  meters,  whicn  has  especially  substantially  a  value  in 
the  installations  of  very  high  voltages  and  large  power,  where  as  a 
result  of  the  large  overall  sizes  of  distributors  the  length  of 
jumpers  can  reach  several  hundred  meters.  Furthermore,  with  secondary 
current  1A  more  easily  it  is  cheaper  very  current  transformers  as 
well  as  connected  up  them  instruments  and  relay. 

Soviet  plants  manutacture  with  nominal  secondary  current  1  ^ 
some  current  transformers  for  external  installations  by  voltage  110 
AV  and  it  is  above,  and  also  current  tra nsf oraers,  incorporated  into 
power  transformers  by  voltage  ate  110  A?  and  are  above. 

The  value  of  burden  i2  of  current  transforaer  is  usually  small; 


therefore  it  operates  in  aode/conditions ,  close  to  the 

aode/cond itions  of  short  circuit,  in  this  an  essential  difference  in 
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current  transformers  from  power  transformers. 

Pig.  19-2  gives  vector  diagram  of  current  transformer,  from 
which  it  is  evident  that  during  normal  mode  resulting  magnetizing 
force  (MS)  9Q-Bt*9z  is  small. 
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rig.  19-2.  Tector  diagram  of  current  transformer. 


Page  305. 


Therefore  they  are  snail  resulting  magnetic  flax  <D  in  cora  and  eaf. 
Eg  secondary  winding. 


For  the  purpose  the  decreases  of  overall  sizes*  weight  and 
cost/value  of  current  transforners  the  section  of  their  cores 
determine,  on  the  basis  of  the  low  value  of  the  resulting  aagnetic 

1/ 

flux  of  the  noraal  node  cf  work  (with  calculated  aagnetic  induction  g 
in  steel,  the  section  of  core  s  =  -?*Y 
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If  we  in  located  in  worm  current  transformer (with  the  course  of 
current  in  primary  circuit)  disconnect  secondary  circuit  (z2=-)  ,  then 
I*=0  and  02=I2w2=O.  Since  in  this  case  primary  current  lt  and  MS  of 
primary  winding  d^ItVi  tney  remain  constant/invariable,  then  the 
resultant  NS  Ba  becomes  equal  to  tne  NS  of  the  primary  winding  0t, 
i.e.,  grows/rises  many  times.  Accordingly  increase  magnetic  flux 
(its  growth  it  is  limited  to  tne  saturation  of  core)  and  induction  in 
steel  of  core. 

A  considerable  increase  in  the  induction  leads  to  the  strong 
heating  of  core  as  a  rtsuit  of  tne  increased  losses  in  steel,  as  a 
result  of  which  usually  are  overheating  the  insulation  of  windings 
and  damage  of  current  transformer.  Furthermore,  in  secondary  winding 
is  induced  considerable  eat  whose  value  is  determined  not  only  by  an 
increase  in  the  magnetic  flux,  but  also  by  the  fact  that  as  a  result 
of  saturating  the  core  the  magnetic  flux  has  no  longer  sinusoidal, 
but  trapezoidal  fora  (Fig.  19- J).  since  the  value  of  secondary  eaf  is 

-jpj,  them  at  the 

moments  of  a  rapid  change  of  tne  r low  in  secondary  winding  of  current 
transformer  is  induced  very  large  euf  (e2  in  Fig.  19-3)  whose  peats 
can  reach  several  thousand  and  even  tens  of  thousands  of  volts  (they 
increase  with  an  increase  in  tne  transformation  ratio  of  current 
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transformer,  i.e.,  its  nominal  primary  current) .  The  corresponding 
ceiling  voltages  appear  at  the  ter minals/grippers  of  extended 
secondary  winding  of  current  transformer,  which  is  dangerous  for  the 
service  personnel  and  for  the  insulation  of  instruments,  relay  and 
jumpers  and  cables. 

From  the  aforesaid  it  follows  that  in  operation  it  is  not 
possible  to  disrupt  the  secondary  circuit  of  located  in  work  current 
transformer.  If  necessary  to  disconnect  measuring  meter  in  working 
current  transformer  should  he  preliminarily  short  circuited  his 
secondary  winding  or  disconnected  instrument  (broken  cross 
connections  P-1  or  P-2  in  the  diagram  of  Fig.  19-1)  and  after  this 
only  disconnected  the  instrument. 

Current  transformers  introduce  as  a  result  of  the  measurement  of 
two  errors:  error  in  the  strength  of  current  (in  transformation 
ratio)  &X  and  the  angular  error  6. 

If  current  transformer  wonted  without  error  in  the  current 
strength,  then,  accordingly  formula  (19-1),  value  of  secondary 
current,  led  to  primary  circuit,  i.e.,  /,  kHOHi  would  be  equal  to 

primary  current  I,.  In  actuality  indicated  value  are  not  equal  and 

their  algebraic  equality 

Ik  _ I  —  -h  A/ 

1  ■  MO.  'l - - 


(19  4) 
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and  it  is  an  error  in  current  transformer  in  the  strength  of  measured 
current.  Plus  signs  and  sinus  before  AI  show  that  given  secondary 
current  can  be  more  or  less  than  lt. 

This  error  can  be  expressed  in  percentages  of  the  neasured 
current  lt: 


00.  (19-5) 

Since 


that 
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Pig.  1-3.  Carves  of  primary  current  i,#  magnetic  flax  4>  mad  eef  e2 
of  secondary  winding  of  current  transformer  with  the  extended 
secondary  circuit. 

Page  306. 


Prom  vector  diagram  on  Pig.  19-2  we  find  (accepting  cut 

0,): 

0,-0,  =s=  —0,  sin -|-a). 


>»-U 


Angle  a  very  «rM  'therefore  can  be  written: 


A/«/«  ~  100.  (1 9-6) 


An  angular  error  in  current  transformer  is  called  angle  6 
between  the  vector  of  primary  current  I,  and  the  turned  on  180° 
vector  of  secondary  current  -l2  (or,  which  is  the  same  thing,  the 
angle  between  vectors  and  -tf2,  see  Pig.  19-2).  Prom  vector  diagram 


we  f  i  nd  : 
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As  a  result  of  the  very  io u  value  of  angle  6  it  is  possible  to 
accept  tgd~6  (in  radians),  then 

-■top-.  (19-7) 

From  vector  diagram  in  Fig.  19-2  and  foreulas  (19-6)  and  (19-7) 
it  is  evident  that  both  errors  in  current  transforner  depend  on  that 
resulting  IS  4*.  with  increase  in  which  they  increase. 

For  decrease  in  NS  ti0  is  necessary  the  decrease  of  reluctance 
ru=l~—th«  transformer  core  of  current,  which  can  be 
achieved/reached:  by  a  decrease  of  length  /  of  aagnetic  circuit,  by 
an  increase  in  the  cross-sectional  area  s  of  core  and  by  the 
use/application  of  transformer  steel  with  high  magnetic  permeability 
Vital  importance  has  decrease  or  air  gaps  on  the  path  of  magnetic 
flux. 


The  transformer  cores  of  current  manufacture  from  thin  steel 
tapes  or  plates,  isolated/insulated  from  each  other  by  the  natural 
oxide  film,  which  is  retained  oa  toe  sheets  of  steel  after  its 
rolling  and  annealing  at  metallurgical  plant  [19-1]. 
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With  an  increase  in  the  cross-sectional  area  of  core  both  errors 
in  current  transforaer  decrease,  but  is  reached  this  due  to  an 
increase  in  its  overall  sizes,  weight  and  cost/value. 

At  present  for  producing  the  transforaer  cores  of  current  are 
used  extensively  steels  witn  the  high  aagnetic  peraeability: 
cold- rolled  silicon  steel  (hm,kc  to  26,000)  and  glory  froa  iron  with 
nickel,  so-called  Permalloy  to  70,000)  .  For  a  coaparison  let  us 

point  out  that  hot-rolled  silicon  steel  possesses  j,  to  7500-10^000. 
Steel  with  high  aagnetic  peraeaoility  allows  with  constant /invar iable 
overall  sizes  and  weight  to  Obtain  current  transforners  with  saaller 
errors  or  with  the  saae  errors  substantial  to  decrease  the  overall 
sizes  and  the  weight  of  current  transforners  [  L.  9-1]. 

In  soae  types  of  cunent  transforners  an  increase  of  the 
accuracy  of  measurement  in  the  range  of  prinary  currents  to 
100-120o/o  of  nominal  is  acnieved  with  the  aid  of  different 
artificial  methods  of  the  coapensation  errors.  The  essence  of  these 
methods  of  coapensation  consists  in  an  iaproveaent  in  the  aagnetic 
properties  of  the  material  of  core  via  aagnetic  biasing  by  one  or 
another  method,  which  depends  on  the  method  of  compensation.  Core  is 
magnetized  so  that  its  working  induction  could  be  led  to  the  value, 
corresponding  to  the  region  ot  the  greatest  magnetic  peraeability  of 
the  material  of  core.  Therefore  decrease  the  NS  e0  and  errors  in 
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current  transformer  (for  greater  detail,  see  9-1  and  19-1]. 

Froe  formulas  (19-6)  and  (19-7)  it  is  evident  that  with  an 
increase  in  relative  value  of  reductive  reactance  of  secondary 
circuit,  i.e.,  with  increase  ta.  the  error  in  current  increases  (sin  ta 
it  increases),  and  the  angular  error  decreases  (cosifo  it  decreases). 

with  an  increase  in  the  primary  IS  9t  both  errors  in  current 
transformers  decrease.  At  specific  value  /,  an  increase  0t  is 
achieved  by  an  increase  in  the  number  of  turns  of  primary  winding  v,. 
simultaneously  for  obtaining  assigned  magnitude  nust  be 

(accordingly  formula  19-1)  is  respectively  increased  a  number  of 
turns  of  secondary  winding  w*.  As  a  result  this  weight,  overall  sizes 
and  cost/value  of  current  transiorner  they  substantially  increase. 

From  the  aforesaid  it  also  follows  that  current  transformers  to 
small  primary  currents  can  he  made  only  with  sufficiently  large 
number  of  the  turns  of  prinary  winding,  otherwise  of  their  error  they 
will  be  considerable  even  with  small  burden. 

Magnitudes  of  error  of  current  transformers  to  a  considerable 
degree  depend  on  their  use  in  operation. 
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With  an  increase  in  the  primary  current  to  100-120o/o  /l(lolt  o£  error 
in  current  transformer  they  decrease  as  a  result  of  an  increase  0, 
(see  Table  19-1) .  »ith  further  increase  in  the  priaary  current  of 
error  they  increase  as  a  result  or  the  saturation  of  the  magnetic 
system  of  current  transformer.  Therefore  current  transformers, 
established/installed  witn  the  considerable  excess  of  their  nominal 
primary  current  with  respect  to  the  operating  current  of  circuit, 
work  with  the  increased  errors. 


An  increase  in  the  load  or  the  secondary  circuit  z2  with 
constant/invariable  primary  current  (constant  quantity  9t )  leads  to 
certain  decrease  of  I2  and  02,  and  consequently,  to  an  increase  0O 
(see  vector  diagram) ,  as  a  result  of  which  both  errors  in  current 
transformer  increase.  Therefore  the  connected  to  current  transformer 
measuring  meters  give  sufrrciently  precise  readings  only  at  some 
specific  values  of  z2  or  S2. 

An  error  in  current  transformer  in  the  current  strength 
introduces  the  error  into  readings  of  all  measuring  meters,  and  the 
angular  error  has  a  value  only  for  instruments  and  wattmeter  type 
relay,  for  example  wattmeters,  counters,  etc.  Is  explained  this  by 
the  fact  that  angular  error  of  current  transformer  changes  the  angle 
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between  vectors  of  current  anu  voltage,  i. e. ,  distorts  the  value  of 
the  factor  of  the  power  of  the  circuit  [  instead  of  cos#  it  is 
obtained  by  cos  that  also  gives  suppleaentary  fault  of 

Measurement  of  energy,  power  or  cos  #. 

Current  transformers  are  subdivided  into  the  classes  of 
precision  which  are  characterized  by  the  greatest  permissible  errors, 
indicated  in  Table  19-1.  fhe  digital  designations  of  the  class  of 
precision  correspond  to  tne  smallest  percentage  errors  in  current. 

Current  transformer  can  work  in  the  different  classes  of 
precision  depending  on  the  value  of  its  secondary  load  z2  or  S2, 
moreover  to  each  class  of  precision  corresponds  specific  nominal 
burden  *>i|o-  (ohm)  or  power  >s2)WM  =  /2ll0U«2ll>,-  (T  A)  which  are  given  in 
catalogs  or  plant  informational  materials  (Table  P-17). 

If,  for  example,  for  certain  current  transformer  it  is  shown 
that  its  nominal  power  in  tne  class  of  precision  0.5  is  30  VA,  and  in 
the  class  of  precision  1  it  is  bO  VA,  then  this  means  that  with 
burden  to  30  VA  inclusively  of  current  transformer  it  works  in  the 
class  of  precision  0.5,  and  with  load  frca  30  to  60  VA  inclusively  - 
in  the  class  of  precision  1.  Witn  the  load  of  more  than  60  VA  current 
transformer  works  already  in  the  class  of  precision  3. 
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They  characterize  current  transforaer  by  that  highest  class  of 
precision  in  which  it  can  wort  (it  is  indicated  in  its 
certified/rating  table). 
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Table  19-1,  Greatest  permissible  errors  in  current  transformers  (GOST 


7746-55)  . 
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±00 
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yo  r  120  no  100 

20 
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±10 

Key:  (1).  class  of  precision,  (2).  current  in  primary  winding,  o/o 
nominal.  (3).  Greatest  errors.  (4).  in  current.  (5).  angular,  min. 

(6).  Note.  (7).  From.  (6).  to.  (9).  For  burden  in  limits  from  25  to 
lOOo/o  of  nominal  value  also  wrta  secondary  factor  of  power  cos 
e?=0.8.  In  this  case  the  minimum  value  of  burden  must  be  not  below 
0.15  ohms  for  current  transformers  with  nominal  secondary  current  5  A 
and  1.5  ohms  for  current  transformers  with  nominal  secondary  current 
1  A.  (10).  It  is  not  normalized. 
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Current  transformers  .of  tne  class  of  precision  0.2  are  applied 
only  for  precise  laboratory  measurements.  For  the  start  of  attendant 
electric  measuring  instruments  apply  current  transformers  of  the 
classes  of  precision  net  lover  than  3  [1.  3-6,  §1-6-3  and  19-2, 
III-4-4  ]. 


Calculated  counters  snould  be  connected  up  current  transformers, 
which  work  in  the  class  of  precision  0. 5.  the  calculated  counters 
include  all  counters,  on  which  the  consumers  are  designed  for 
electric  power  with  the  power-supply  organization,  and  also  counters, 
adjusted  in  the  circuits  of  generators,  power  transformers,  lines, 
which  feed  their  own  neeas  also  ot  the  waste/exiting  from  collecting 
mains  of  power  plants  and  suustations. 


The  monitor  counters,  which  use  for  the  technical  account  to 
electric  power  within  power  plants,  substations,  enterprises,  etc., 
can  be  connected  up  current  transformers  of  the  class  of  precision  1 
H-6,  §1-5-17]. 

Attendant  wattmeters,  reactive/jet  ampere- voltmeters, 
phasemeters  and  ammeters  can  be  connected  up  current  transformers  of 
the  classes  of  precision  1  ana  i. 


Calculated  counter  and  another  electric  measuring  instruments  of 
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one  circuit  can  be  connected  together  to  general/coaaon/total  current 
transformer  which  in  this  case  Bust  work  in  the  class  of  precision 
0.5.  It  is  possible  also  to  connect  up  one  current  transforaer 
aeasuring  aeters  and  relay  o£  tne  protection  of  one  circuit,  if  with 
is  retained  the  work  of  current  transforaer  in  the  class  of 
precision,  necessary  for  tne  connected  instruments,  and  if  this  does 
not  lead  to  a  change  in  tne  characteristics  of  relaying  [3-6, 
§1-5-18]. 


In  the  devices/equipaent  ot  relaying  must  be  provided  the 
correct  action  of  relay  witn  the  onset  in  the  current  circuit  of 
overloading  or  short  circuit.  Tnerefore  current  transf oraers,  used 
for  relayings,  aust  possess  the  necessary  accuracy  not  with  the 
currents  of  normal  mode,  but  with  the  currents,  which  considerably 
emceed  their  nominal  primary  current.  On  the  basis  of  operating 
experience  it  is  establisheu/installed,  that  for  providing  the  clear 
and  reliable  work  of  relayings  or  an  error  in  current  transformers 
with  the  currents  of  emergency  mode,  as  a  rule,  they  aust  not  exceed: 
in  current  ainus  lOo/o  and  m  angle  of  7°  [19-3]. 


for  the  majority  ot  relayings  these  conditions  are  provided 


during  the  use/a ppli cation  ot  current  transformers  of  the  classes  of 
precision  1  and  3.  In  sons  current  transformers  with  the  cast 
insulation  (see  §19-3)  ot  core  for  relaying  are  designated  by  letter 


DOC  =  79134819 


R  (table  P-17). 

For  differential  relayings  are  applied  special  current 
transforaers  of  the  type  o  (se6  Voi.  2,  chapter  13) . 

The  intended  for  diagraas  compoundings  of  the  excitation  of  the 
synchronous  machines  (see  g22-b)  current  transforaers  of  the  type  K 
have  nominal  secondary  current  10  4* 

19-2.  Diagrams  of  connections  or  current  transforaers. 

Here  we  will  be  restricted  to  the  examination  of  the  diagraas  of 
connections  of  current  transforaers.  most  coaaonly  used  for  start 
electric  measuring  instruaents  (Fig.  19-4). 

Diagram  a  apply  for  measuring  the  current  in  one  phase  in  the 
three-wire  installations  of  three-phase  current  with  saall 
nonunif oraity  the  loads  of  phases. 

Connection  into  star  (diagraa  b)  apply  for  the  inclusion  of 
instruaents  in  the  three-wire  installations  of  three-phase  current 
with  considerable  nonuniforaity  tne  loads  of  phases,  and  also  in 
four-wire  installations  380/220  and  220/127?. 
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Connection  into  incomplete  star  (diagram  c)  uses  extensively  for 
the  inclusion  of  measuring  meters  in  three-wire  installations  with 
the  unifora  and  unbalanced  loads  or  phases.  The  current,  flowing 
through  the  aaaeter  in  common  wire,  is  equal  to  vector  sub  of 
currents  in  phases  A  and  c,  i.e.f  it  is  equal  to  the  current  of  phase 
B.  For  the  installations  indicated  is  always  correct  the  condition: 

4+4+4=0v*TKyfla  4 =-(4. +4)- 

Key:  (1).  whence. 

The  ends/leads  of  tha  primary  winding  of  the  transforaer  of 
current  have  plant  designation  ny  letters  Lt  and  L2 ,  and  secondary 
windings  -  by  letters  It  ana  12.  with  the  course  of  primary  current 
from  L t  and  L2  secondary  current  over  the  connected  to  current 
transformer  instruments  and  relay  rlows/occurs/lasts  from  It  and  I* 
(Fig.  1 0-4a)  . 

19-3.  Constructions/designs  or  current  transformers. 

Soviet  plant  manufacture  current  transformers  to  all  voltages  to 
500  kV  inclusively  (table  P-17). 
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Pig.  19-4.  Diagrams  of  connections  of  current  transf oraers. 

Key:  (1).  Neutral  (zero)  Wire.  (2).  Common  wire. 

Page  309. 

By  the  construction/design  or  primary  winding  distinguish 
current  transformers  single-turn  (rod)  and  multiturn  (loop.  reel). 

The  primacy  windings  of  single-turns  transformer  (Fig.  19-5a) 
perform  from  the  round  cruxes  of  continuous  or  tubular  section  or 
from  the  packet  of  busbars.  Bain  disadvantage  in  these  current 
transformers  is  their  low  accuracy  with  small  measured  currents  as  a 
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result  of  the  fact  that  w^th  a  small  primary  current  value  of  the  NS 
of  the  primary  winding  (fl1=ltwt=ll «1=lt)  is  insufficient  for 
aaintaining  the  necessary  magnetic  flux  and  the  power  of  secondary 
winding  is  insignificant,  however,  an  excessive  increase  in  the 
section  of  core  is  inexpedient.  Therefore  single-turns  transformer 
aanufacture  to  nominal  primary  currents  froa  150-200  A  also  aore.  To 
currents  600-1000  A  also  aore  are  aanufactured  only  single-turns 
transformer  (fable  P-17). 

To  the  advantages  of  single-turns  transforaer  in  coaparison  with 
aultiturn  ones  can  be  attributed  tneir  simpler  construction/design 
less  cost/value,  smaller  overall  sixes  and  large  stability  with 
short-circuit  currents,  internal  eiectrodynaaic  forces  in  them  are 
snail,  and  thermal  resistance  is  achieved  easily  -  by  a  change  in  the 
section  of  current-carrying  rod  1. 

The  primary  windings  of  aultiturn  current  transformers  (Pig. 

T-5b)  perform  from  several  turns,  which  encompass  core  with 
superimposed  to  it  secondary  winding.  In  this  case  at  a  small  primary 
current  the  necessary  value  or  NS  of  primary  winding  0isI(Wt  is 
reached  by  an  increase  in  the  number  of  turns  wt  of  the  priaary 
winding  of  current  transforaer  (for  retaining/preser ving/aaintaining 
the  necessary  transformation  ratio  current  transforaer  respectively 
increases  a  number  of  turns  w2  of  its  secondary  winding).  Therefore 
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it  proves  to  be  possible  to  perform  multiturn  current  transformers  of 
the  high  classes  of  precision  with  the  loir  values  of  nominal  primary 
currents.  Soviet  plants  manufacture  multiturn  current  transformers  to 
nominal  primary  currents  from  b  to  600  A  (£able  P-17). 

Hain  disadvantages  in  muititum  current  transformers 
escape/ensue  of  the  advantages  presented  above  of  single-turns 
transformer.  A  deficiency/lack,  in  the  multiturn  constructions/designs 
is  also  the  fact  that  their  primary  windings  undergo  considerable 
overvoltages  between  turns  with  tae  incidence/drop  on  the  transformer 
of  the  wave  of  overvoltaga  or  vita  the  course  of  large  short-circuit 
currents. 

By  the  number  of  cores  are  distinguished  current  transformers 
with  one  and  several  cores.  Fig.  19-5c  gives  the  schematic  of 
multiturn  current  transformer  witn  two  cores  each  of  which  has  their 
independent  winding,  primary  winding  for  both  cores 
general/common/total;  therefore  is  obtained  as  if  duplication  of 
current  transformer  with  virtually  constant/invariable  overall  sizes 
and  small  change  in  the  cost/value. 

Core  coils  are  completely  not  depended  from  each  other:  a  change 
in  the  load  of  one  secondary  winding  does  not  manifest  itself  the 
value  of  primary  current,  and  consequently,  it  does  not  affect 
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Magnitude  of  error  in  the  second  core. 

Cores  can  have  the  different  and  identical  classes  of  precision 
and  be  utilized  for  the  separate  start  of  Measuring  aeters,  relayings 
and  relay  of  automation. 

some  current  tr ansf craiers  by  voltage  35  kv  and  higher  are 
Manufactured  with  three  and  four  cores,  which  gives  essential 
savings. 


Fig.  19-5.  Schnatic  diagrams  of  the  deTice/efeipaeit  of  carreat 
transf  oners,  a)  single-turn ;  0)  aultiturn  with  one  cote;  c) 
aultiturn  with  two  cores.  1  -  primary  winding;  2  -  insulation;  3  - 
core;  4  -  secondary  winding. 

Page  310. 

Using  mounting  aethod  current  transforaers  passage  (Fig.  19-6, 
19-7,  etc.)  and  supporting/reference  (Fig.  19-10,  19-11,  etc.).  In 
special  group  it  is  possible  to  isolate  built-in  current 
transforaers,  adjusted  witma  other  apparatuses  and  aachines. 

By  kind  the  installations  distinguish  current  transforaers  for 
internal  and  external  installation. 

Let  us  becoae  acquainted  with  the  priaary  constructions  of 
current  transforaers  of  Soviet  plants. 
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Passage  of  transformers  of  current  are  intended  only  for  closed 
distributive  units  and  can  be  used  for  installation  in  the  openings 
of  walls  and  overlaps  instead  of  wall  entrance  insulators,  which 
substantially  decreases  the  overall  sizes  and  the  cost/value  of 
distributors.  If  necessary  then  are  installed  also  in  the  netal 
constructions  of  distributors. 

passage  current  transformers  are  most  widely  used  current 
transformers  in  the  closed  distriuutors  by  voltage  to  20  kv 
inclusively. 

Passage  current  transformers  can  have  one  or  two  cores  to 
secondary  windings  of  the  identical  or  different  classes  of 
precision. 

For  installations  with  large  short-circuit  currents  are 
manufactured  passage  current  transformers  of  intensive  type,  which 
possess  larger  stability  during  short  circuits.  Into  a  designation  of 
the  type  of  such  current  transformers  enters  the  letter  0. 

Passage  multiturn  current  transformers  with  porcelain  insulation 
(Fig.  19-6)  of  the  type  TP FN  (T  -  current  transformer,  P  -  passage,  F 
-  with  porcelain  insulation,  it  -  modernized;  previously  they  were 
released  type  TPF)  are  manutactured  to  nominal  voltage  10  kV  and 
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nominal  primary  currents  5  -400  A. 

The  primary  winding  of  this  current  transformer  passes  within 
porcelain  insulators  1,  attached  in  collar  2  and  froa  both  ends/leads 
of  those  fastened  additionally  as  cast  iron  end  cases  3.  turn-to-turn 
insulation  of  primary  winding  is  designed  for  the  voltage,  equal  to  a 
voltage  drop  in  the  turn  of  winding  with  flow  on  it  of  the  maximum 
permissible  short-term  current. 

The  ends/leads  of  primary  winding  are  connected  to  contact 
plates  4,  employees  for  connection  to  current  transformer  of  the 
busbars  of  distributing  device/eguipment . 

The  core,  assembled  from  i.-shaped  steel  plates,  encompasses 
porcelain  insulator  1,  within  wnich  are  located  the  conductors  of 
primary  winding.  To  core  is  put  on  the  coil  of  secondary  winding 
whose  ends/leads  are  brought  out  to  terninals/grippers  5.  Depicted  in 
Pig.  19-6  current  transformer  has  two  cores,  the  ends/leads  of 
winding  of  which  are  brought  out  to  terninals/grippers  5  and  5*. 

Cores  with  secondary  windings  with  enclosed  casing  6. 

In  all  passage  current  transrorners  with  porcelain  insulation 


the  primary  winding  of  high  voltage  is  reliably  isolated/insulated  by 
porcelain  froa  the  grounded  collar  and  from  core  and  secondary 
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winding.  The  external  surface  of  porcelain  insulators  in  part,  which 
is  located  under  cores,  is  covered  with  the  layer  of  the  carrying  out 
graphite  paint  and  is  connected  electrically  with  the  grounded 
arwature.  In  aultiturn  current  transformers  the  saae  paint  covered 
also  and  internal  cavity  of  both  insulators,  connected  electrically 
with  primary  winding.  All  tnis  is  necessary  for  warning/preventing 
the  ionization  of  the  air  layer  between  metallic  parts  and  insulator, 
adversely  affecting  the  organic  insulation  of  windings. 

Passage  single-turn  (rod)  current  transf crners.  Are  most  coanon 
passage  single-turns  transformer  with  porcelain  insulation  (Fig. 

19-7)  of  the  type  TPOF  (C  -  single-turn) ,  manufactured  to  nominal 
voltages  10  and  20  k. V  and  rated  currents  600  and  1300  A. 
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Fig.  19-6.  Passage  multiturn  current  transformer  with  porcelain 
insulation  of  the  type  TEhs-IO  on  10  kV,  100  A.  with  two  cores. 

Page  311. 

In  these  current  transformers  the  role  of  primary  winding  performs 
current-carrying  rod  1,  wnich  passes  within  porcelain  insulator  2, 
attached  in  collar  3,  whic a  uses  tor  the  attachment  of  current 
transformer. 

Core  has  circular  fora  and  is  made  from  the  tightly  wound  by 
spiral  tapes  of  transformer  steel,  to  core  is  wound  secondary  winding 
(as  in  Pig.  19-5a).  Core  together  with  secondary  winding  is  put  on  to 
the  middle  part  of  porcelain  insulator  2  and  with  enclosed  casing  4. 
The  ends/leads  of  secondary  windings  are  brought  out  to 
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terminals/grippers  5  and  5*.  Nuts  6  serve  for  the  attachment  of  the 
busbars  of  primary  circuit. 

In  recent  years  all  more  widely  begin  to  manufacture  current 
transformers  with  insulation  iron  the  cast  synthetic  resin.  The 
synthetic  resins  used  with  filling  are  very  movable  and  after 
polymerization  harden  witn  the  formation  of  monolithic  mass  without 
bubbles.  This  insulation  possesses  high  and  permanent  electrical 
properties.  Soviet  plants  apply  compound  on  the  base  of  epoxy  resin. 

Pig.  19-8  shows  passage  single-turn  transformer  with  the  cast 
resinous  insulation  of  the  type  TPOL-IO,  manufactured  to  voltage  10 
kv  and  rated  currents  600-1^00  A.  current-carrying  rod  1  (primary 
winding)  with  the  put  on  to  it  two  cores  with  secondary  windings  they 
are  flooded  by  compound  2,  wnich  not  only  provides  reliable 
insulation,  but  also  shields  the  windings  of  current  transformer  from 
mechanical  damages.  Collar  J  serves  for  attachment  of  current 
transformer. 

Prom  the  comparison  of  tne  overall  dimensions  of  single-turns 
transformer  with  the  porcelain  and  cast  resinous  insulation  (Fig. 

19-7  and  19-8)  it  is  evident  that  the  sizes/dimensions  of  the  second 
are  considerably  less. 
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Passage  busbar/tire  current  transf oners  with  porcelain 
insulation  apply  in  the  installations  of  high  voltage  with  very  large 
operating  currents  2  kA  even  sore.  From  passage  single-turn  (rod) 
current  transformers  (Fig.  19-7)  tney  are  characterized  by  the  fact 
that  they  are  supplied  by  plants  without  the  current-carrying  rods 
(primary  windings) ,  instead  or  which  are  utilized  the  busbars  or  the 
packets  of  the  busbars  of  tne  distributor  which  during  mounting  pass 
through  the  internal  by  the  cavity  of  porcelain  housing  (insulator) 
of  6  current  transformers  (Fig.  19-9) .  The  diameter  of  porcelain 
housing,  and  also  the  sizes/diaensions  of  openings/apertures  3  in  its 
caps/hoods  and  of  pressure  pads  2,  which  use  for  the  attachment  of 
busbars,  are  calculated  for  tne  passage  of  busbar  or  packet  of 
busbars  to  operating  currents  2  kA  and  more. 

Cores  and  secondary  windings  of  these  current  transformers,  made 
just  as  in  single-turns  transformer  on  Fig.  19-7,  with  enclosed 
casing  5.  The  ends/leads  oi  secondary  windings  are  brought  out  to 
terminals/grippers  1  and  1*,  established/installed  on  collar  4,  which 


uses  for  the  attachment  of  current  transformer 


Pig.  19-7.  Pig.  19-8. 


Fig.  19-7.  Passage  single-turn  transformer  with  porcelain  insulation 
of  type  T POP- 1 0  on  10  kv,  1000  A,  with  two  cores. 

Fig.  19-8.  Passage  single-turn  transformer  with  cast  resinous 
insulation  of  type  TPOL-10  on  10  KV,  1000  A,  with  two  cores. 


Pig.  19-9.  Passage  nusoar/tire  current  transformer  with 
porcelain  insulation  of  type  TPShF-10  on  10  kV,  3  kA,  with  two  cores. 


1  and  1'  -  outputs  of  secondary  windings;  2  -  pressure  pads  for  the 
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busbars;  3  -  opening/aperture  for  the  introduction/input  of  the 
busbars;  4  -  collar;  5  -  jacket;  6  -  porcelain  insulator. 

Page  312. 


Soviet  plant  manufacture  passage  busbar/tire  current 
transformers  to  nominal  voltages  1o  and  20  kV  and  primary  currents 
2000-6000  A  type  TPShFA  (5n  -  ousbar/tire,  A  -  conventional 
designations  of  the  mecnau-.cai  attachment  of  armature  on  the 
porcelain;  in  current  transroruers  of  the  type  TPShF  armature  it  was 
secured  with  the  aid  of  the  cementing  composition). 

The  collars  of  passage  current  transformers  to  600  A  inclusively 
are  performed  from  gray  cast  i.ron,  and  to  high  currents  -  from 
non-magnetic  cast  iron.  The  jackets  of  current  transformers  to  1000  A 
also  more  have  section/cut  into  waich  is  inserted  brass  plank  for 
decreasing  heating  jacket  t>y  eddy  currents,  also,  as  a  result  of 
hy ste  resis. 

Supporting/reference  current  transformers  are  intended  for 
installation  during  the  constructions/designs  of  distributors  and  can 
be  made  for  internal  and  external  installations. 


Supporting/reference  current  transformers  with  shaped  porcelain 
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insulators  and  loop  primary  winding  (aultiturn)  of  the  type  TP  are 
nanuf actured  for  internal  installations  to  noainal  voltage  10  kv  and 
noainal  primary  currents  15-600  A. 

Priaary  winding  1  (Fig.  19-10),  made  in  the  form  of  aultiturn 
loop  from  flexible  insulated  wire,  is  placed  within  shaped  hollow 
porcelain  insulator  4.  Secondary  winding  by  2  is  placed  in  the  window 
of  porcelain  insulator  on  3  armor  types  cores,  collected  from  thin 
steel  L-shaped  plates.  Cere  encompasses  both  parts  of  the  loop  of 
priaary  winding.  Current  transformer  can  have  one  or  two  cores, 
arranged/located  one  above  another,  kA  this  evidently  on  Fig.  19-10. 

Insulator  is  attached  in  cast  iron  base  6,  which  serves  for  the 
attachment  of  current  transformer  during  the  construction/design  of 
distributor.  Cores  and  secondary  windings  are  shielded  by  jacket  5. 

With  the  purpose  of  an  increase  in  the  electrodynaaic  stability 
of  current  transformer  and  improvement  in  its  thermal  characteristics 
the  internal  cavity  of  shaped  insulator  4  is  filled  with  pure/clean 
quartz  sand  7. 

The  presence  of  sand  does  not  make  it  possible  to  install  these 
current  transforaers  in  the  vertical  walls  (it  is  inclined)  and  on 
the  ceiling;  should  be  installed  tnea  only  on  the  horizontal  pads. 
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In  coaparison  with  passage  auititurn  ones  current  transformers 
of  the  type  TF  have  substantially  less  overall  sizes  and  weight  of 
copper,  they  are  more  reliaole.  Are  applied  then  in  various  kinds  the 
saall/ainiature  closed  distributors. 


fteel  current  transforaers  are  supporting/reference  auititurn 
current  transformers  with  ary  insulation  and  without  protective 
housings.  They  are  suitable  for  internal  installation. 


for  Installations  uy  voltage  of  up  to  500  V  inclusively  Soviet 
plants  manufacture  reel  current  transformers  of  several  types:  TKH 
and  0-490  to  primary  currents  5-750  and  TTM  -  to  50-200 


To  voltage  500  V 
transformers  with  the 
nominal  primary  curren 
precision  0.5. 


Soviet  plants  manufacture  also  reel  current 
cast  resinous  insulation  of  the  type  TKL-0.5  to 
ts  5-jL)0  A  with  one  core  of  the  class  of 


To  voltage  10  kV  and  rated  currents  5-400  A  Soviet  plants 


manufacture  current  transformers  with  the  cast  resinous  insulation  of 
types  TKL-10  (Fig.  19-11)  and  TPL- 10  (Fig.  19-12)  with  one  and  two 
cores.  Current  transformers  indicated  in  essence  are  characterized  by 
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the  location  of  the  outputs  or  tne  primary  winding:  in  the  first  the 
conclusions  are  arranged/located  as  in  usual  reel  current 
transformers  (above  series/row),  and  in  the  second  -  as  in  passage 
current  transformers  (see  coaclusion/output  Lt  and  L*  in  Fig.  19-11 


Pig.  19-10.  Supporting/reference  porcelain  shaped  current  transformer 
of  the  type  TF  on  10  kV.  1  -  primary  winding;  2  -  two  secondary 
windings;  3  -  armor  type  two  cores;  4  -  shaped  porcelain  insulator;  5 
-  jacket;  6  -  cast  iron  base;  7  -  guartz  sand. 

Page  313. 

Before  the  Soviet  plants  has  seen  set  the  problem  within  the 
next  few  years  mastering  the  production  of  current  transformers  with 
the  cast  insulation  to  all  voltages  to  35  kv  inclusively,  and 
subsequently  and  to  voltage  110  kV. 


DOC  =  79134819 


PAG£  I  «($ 


Supporting/referencu  ousbar/tire  current  transformers  are 
related  to  the  group  of  single-turn  ones.  They  consist  of  the  core 
with  secondary  winding,  which  is  slipped  over  the  busbar  of 
distributor,  the  perforaing  role  ox  primary  winding. 

For  installations  by  voltage  to  500  V  inclusively  Soviet  plants 
■anufactnre  supporting/reference  ousbar/tire  current  transformers  of 
the  type  TTH  to  primary  currents  400-1000  A  also  type  THSh  to 
currents  750-25^00  //  9-^3^  ana  also  with  the  cast  resinous 

insulation  of  the  type  lshL-0.5  to  primary  currents  400,  600  and  800 

ft. 


To  high  voltages  tne  very  packaged  designs  of  busbar/tire 
current  transformers  are  obtained  during  the  use/application  of  the 
cast  resinous  insulation.  Fig.  19-13  shows  similar  Soviet  current 
transformer  of  the  type  TShi.20-  1ty000-D/0. 5  to  voltage  20  kV,  primary 
current  10,000  #4#  secondary  current  5  A  with  two  cores,  a  class  of 
precision  0.5  and  type  D.  in  section/cut  are  visible  cores  1  and  2 
with  secondary  windings  and  cast  epoxy  insulation  3. 
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Pig.  19-11.  Pig.  19-12. 


Fig.  19-11.  Reel  current  transtoraer  with  cast  resinous  insulation  of 
type  TKL-10  on  10  kV,  5-400  A,  with  two  cores.  1  -  the  casting;  2  - 
cores;  3  -  outputs  of  secondary  windings;  Lj  and  L*  - 
terminals/grippers  of  pnaary  winding. 

Pig.  19-12.  Reel  current  transloraer  with  cast  resinous  insulation  of 
type  TPL-10  on  10  kV,  5-400  A,  with  two  cores.  1  -  the  casting;  2  - 
cores;  3  -  outputs  of  secondary  windings;  Lt  and  L2  - 
terainals/gri ppers  of  priaary  winding. 
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Pig.  19-13.  Supporting /reference  busbar/tire  currant  transformer  with 
cast  insulation  of  type  TSaL20- 10/)00-D/0 . 5  on  20  kV,  10  kA,  with  two 
cores. 

Page  silumin  frame  4  is  equipped  with  feet  5  for  the  attachment  of 
current  transformer  which  can  oe  set  in  any  position.  As  primary 
winding  are  utilized  the  ousbars  (two  busbars  of  box  section  in  high 
from  200  to  250  mm),  which  ireely  pass  in  the  window  of  current 
transformer,  i.e.,  not  mechanically  connected  with  it. 

Supporting/reference  porcelain  current  transformers  for  external 
installations.  It  is  earlier  in  external  installations  by  voltage  35 
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kV  and  above  were  applied  current  transformers  in  metal  jackets  with 
the  passage  porcelain  insulators  which  had  a  number  of  the  essential 
deficiencies/lacks:  the  low  reliability  of  operation,  large  overall 
sizes  and  high  cost/value.  At  present  these  current  transforaers  do 
not  Manufacture. 

In  the  newest  constructions/designs  of  current  transforaers  for 
external  installations  by  voltage  35  kV  and  above  aetal  casing  it  is 
replaced  porcelain,  in  consequence  of  which  was  eliminated  the  need 
in  special  wall  entrance  insulators.  The  appearance  of  this  current 
transformer  resembles  insulator  (Fig.  19-14) . 

Soviet  plant  manufacture  similar  current  transformers  of  types 
TFH  and  TFNU  (N  -  external  installation)  to  nominal  voltages  35-220 
kV  and  to  nominal  primary  currents  to  2000  A*  In  the  form  of  an 
example  Fig.  19-14  gives  the  section/cut  of  current  transformer  of 
the  type  TFN-220  to  voltage  220  k¥.  The  windings  of  transformer  are 
placed  into  porcelain  jacket  1,  flooded  by  transformer  oil  2.  Housing 
is  fastened/strengthened  (witn  hermetic  multiplexing)  on  metallic 
base  3.  To  the  upper  end/face  of  porcelain  housing  is 
fastened/strengthened  cast  iron  oil  conservator  4  with  cover/cap, 
equipped  with  oil  indicator  tube  5  and  safety  valve  6. 

Core  with  secondary  winding  by  7  is  fastened/strengthened  to 
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base.  Priaary  winding  by  d  encompasses  core  with  secondary  winding  as 
two  rings,  passed  through  one  into  another  -  execution  of  windings  in 
the  fora  of  eight. 

Terainals/gripper s  Lt  and  l2  serve  for  the  connection  of  primary 
circuit. 

Primary  winding  is  isolated/insulated  from  those  grounded 
secondary  winding  and  its  core  to  the  total  voltage  of  installation 
with  respect  to  the  earth/ground.  As  insulation  are  used  cable  paper 
and  transformer  oil  (paper-oil  insulation) .  For  the  purpose  of  the 
best  use  the  paper  insulation  is  divided  into  two  parts,  one  of  which 
is  packed  to  primary  windiny,  anu  the  second  -  to  secondary  winding 
with  its  core.  This  separation  or  insulation  (the  so-called 
chain/catenary  construction/design  of  insulation)  gives  the  essential 
savings  of  insulation  and  tne  decrease  of  sizes  of  current 
transformer. 

The  even  better  results  are  reached  at  the  use/application  of 
cable-condenser/capacitor  insulation,  analogous  insulation  of  wall 
entrance  insulators  to  very  mgn  voltages.  During 
ca ble-condenser/capa citot  insulation  is  provided  the  more  even 
distribution  of  electric  field,  in  comparison  with  usual  paper-oil 
insulation  how  is  reached  essential  gain  in  the  thickness  of 
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insulation.  This  insulation  have  current  transforaers  to  very  high 
voltages  of  soae  foreign  fir  as  L.19-4], 


i 


y 

t 


Fig.  19-14.  Porcelain  suppor ting/reference  current  transformer  for 


external  installation  of  tue  type  TFN-220  on  220  kV,  1200  A,  with 
four  cores. 
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Current  transformers  of  the  type  TFN  at  voltages  35  and  110  k. V 
have  two  or  three  cores,  on  154  kv  -  three  cores  and  on  220  kv  -  four 
cores.  The  ends/leads  of  secondary  windings  are  brought  out  to 
terminals/grippers,  which  are  located  in  case  9. 

The  primary  windings  of  current  transformers  to  voltages  110  and 
154  kv  consist  of  two  identical  sections,  connected 

consecuti vely/serially  or  in  parallel,  that  makes  it  possible  one  and 
the  same  current  transformer  to  utilize  at  two  values  of  primary 
current  (for  example,  on  200  and  400  ^) .  The  primary  windings  of 
current  transformers  on  220  xV  consist  of  four  sections,  connecting 
which  in  series,  in  pairs-in  parallel  or  all  four  sections  in 
parallel  it  is  possible  to  utilize  current  transformer  at  three 
values  of  primary  current.  Switchings  of  armature  coils  (after  the 
cutof f/disconnection  of  current  transformer  from  network/grid) 
fulfill  with  the  aid  of  switch  10. 


Secondary  windings  of  some  current  transformers  of  the  type  TFN 
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have  branchings,  which  ma&es  it  possible  to  utilize  then  to  currents 
less  than  noainal  ones,  without  switching  of  the  sections  of  primary 
winding. 

The  advantages  of  supporting/reference  porcelain  current 
transforaers  consist  in  tneir  small  size s/diaensions,  in  the 
considerable  power  of  secondary  windings,  in  high  electrod ynanic  and 
thernal  resistance. 

Cascade  current  transforaers.  With  very  high  voltages  (220  kV  it 
is  above)  the  considerable  savings  of  insulation  is  reached  in 
current  transformers  of  cascade  type.  This  transformer  consists  of 
several  those  connected  to  each  other  of  intervening  transformers  of 
current  (cascades/stages,  steps/stages).  Fig.  19-15  gives  the 
schematic  diagram  of  two-stage  cascade  current  transformer  (kHO  —  -f|— - 

\  MO*  '2  MOM 


Each  step/stage  of  two-stage  transformer  must  be 
isolated/insulated  to  the  hair  of  the  voltage  of  installation  with 
respect  to  the  earth/ground.  If  moreover,  the  insulation  of  each 
step/stage  is  fulfilled  the  chain/catena ry  construction/design  (as  in 
current  transforaers  of  the  type  TEN) ,  then  each  layer  of  insulation 
already  must  be  designed  only  for  1/4  voltages  of  installation  with 
respect  to  the  earth/ground,  i.e.,  to  voltage,  two  times  it  is  less 
than  in  current  transforaers  of  the  type  TPM. 


( 


Pig-  19-16.  Cascade  current  transformer  of  the  type  TFNK-400  on  400 

k?. 

Page  316. 

As  a  result  of  this  are  reacned  tne  savings  of  insulation,  the 
decrease  of  weight  and  overall  srzes  of  cascade  current  transformers. 


A  deficiency/lack  id  cascade  current  transformers  is  high 
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■agnitude  of  error  as  a  result  of  the  presence  of  several 
steps/stages  of  transformations  each  of  which  gives  the  specific 
error.  For  retaining/preserving/maintaining  the  required  class  of 
precision  it  is  necessary  to  increase  the  sections  of  windings  and 
cores,  that  somewhat  decreases  the  savings  during  insulation. 
Therefore  they  consider  that  cascaue  current  transformers  it  is 
expedient  to  fulfill  net  more  as  to  two  steps/stages  [L.  19-4]. 

Fig.  19-16  shows  the  general  view  of  cascade  current  transformer 
of  the  type  TFNK-400  to  the  voltage  400  kV  of  plant  "electrical 
device".  Transformer  consists  of  two  steps/stages  and  has  four 
secondary  cores  [L.  19-1].  housing  porcelain,  split  to  two  parts, 
which  simplifies  the  transportation  of  current  transformer. 

Built-in  current  transformers,  i.e.,  adjustable  within  different 
electrical  apparatuses  and  machines,  most  use  extensively  in 
installations  by  voltage  Jb  xv  even  above.  Such  current  transformers 
incorporate  into  oil  breakers  and  power  transformers,  and  also  into 
linear  conclusion/output. 

Current  transformer  of  this  type  consists  of  the  annular  core 
with  superimposed  to  it  secondary  winding,  which  is  slipped  over  the 
isolated/insulated  current-carrying  part  of  the  apparatus,  utilized 
as  the  primary  winding  of  current  transformer.  In  oil  breakers  and 
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power  transformers  such  current  transformers  fasten  under  their 
cower/cap  on  wall  entrance  insulators  (Pig.  17-8).  As  primary  winding 
serves  the  current-carrying  rod  of  insulator.  On  each  insulator  can 
be  established/installed  one  or  two  current  transformers  [  L.  19-1]. 

In  linear  conclusion/output  it  can  be  built  in  to  three  current 
transformers. 

The  distinctive  special  features/peculiarities  of  built-in 
current  transformers  are  simplicity  of  device/equipment  and  small 
cost/value,  caused  by  the  use  of  insulation  of  apparatus. 

Furthermore,  they  do  net  require  the  special  place  in  distributor, 
which  reduces  the  cost  of  the  latter.  To  deficiencies/lacks  in  them 
can  be  attributed  low  power  and  comparatively  low  accuracy, 
especially  with  small  primary  currents. 

Since  the  operating  current  of  installation  sometimes 

considerably  differs  from  the  ratea  current  of  the  apparatus  which  is 

built  in  current  transformer,  tnen  for  obtaining  different 

transformation  ratios  secondary  windings  of  built-in  current 

transformers  are  supplied  with  branchings.  Sometimes  secondary 

windings  of  two  built-in  current  transformers  connect  in  series, 

which  allows  with  the  same  class  of  precision  to  increase  burden  of 

traeaforaer  doubly.  With  small  operating  currents  is  applied  parallel 
connection  of  secondary  windings,  which  increases  tne  accuracy  of 

eeaserenent. 
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Chapter  Twenty. 


VOLTAGE  TRANSFORMERS. 


20>1.  General  inf ornation. 


Voltage  transforaers  apply  in  the  installations  of  alternating 
current  by  voltage  380V  even  aoove  for  the  feed  of  the  parallel  coils 
of  measuring  neters  and  relay  of  protection.  The  primary  Minding  of 
voltage  transformer  (Fig.  20-1)  they  connect  in  parallel  to 
network/grid,  and  to  secondary  winding  connect  the  parallel  coils  of 
instruments  and  relay. 


The  conversion  of  voltage  by  voltage  transformer  characterizes 
its  nominal  transformation  ratio  (it  is  designated  on  its  panel): 


jk  _  _ w, 


(20-1) 


*  2  bon  , 

where  and  -  the  nominal  primary  and  secondary  voltages; 


Wi  and  w2  -  number  of  turns  of  primary  and  secondary  windings  of 
voltage  transformer. 


Voltage  transforaers  are  manufactured  with  such  transformation 
ratios,  with  which  their  nominal  secondary  voltage  is  equal  100V  or 
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Secondary  windings  of  voltage  transformers  connect  up  triangle 
or  into  star  and  so  that  the  secondary  interphase  voltage  would  be 
equal  to  100V. 

Page  317. 

Therefore  the  parallel  coils  of  instruments  and  the  relays,  intended 
for  connection  to  voltage  transformers,  are  manufactured  to  voltage 
100V.  Such  instruments  and  relay  have  very  simple 

construction/design,  are  cheap,  reliable  and  they  can  possess  high 
accuracy  measurements. 

The  start  of  instruments  and  relay  through  voltage  transformers 
provides  safety  of  their  maintenance/ser vicing  and  it  mates  it 
possible  to  esta blish/instail  them  in  considerable  distance  from  the 
circuits  of  high  voltage,  in  this  case  are  utilized  the  jumpers  and 
the  cables  of  the  small  sections:  from  1.5-2. 5  to  6  mm*. 

For  the  same  reasons  which  were  presented  in  §  19-1,  secondary 
windings  of  voltage  transformers  m  installations  by  voltage  500V  and 
are  above  compulsorily  grounued  (Fig.  20-1). 


J 

i  j 
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For  convenience  in  the  operation  the  measuring  meter,  connected 
to  voltage  transforaer,  must  show  or  consider  the  real  values  of  the 
priaary  circuit:  voltaeter  -  the  actual  stress  of  circuit  (primary), 
wattaeter  -  available  power,  counter  -  real  quantity  of  electric 
power,  etc*  Is  reached  this  by  the  fact  that  the  scales  of  aeasuring 
aeters  are  calibrated  in  connection  with  the  specific  transformation 
ratio  of  voltage  transforaer,  waich  is  indicated  on  dial  face. 

Principle  of  device/eguipoent,  circuit  diagram  and  special 
feature/peculiarity  of  the  wort  of  voltage  transformers  the  saae  as 
power  transformers.  However,  the  power  of  voltage  transformers  is 
snail  and  composes  usually  several  ten  or  hundreds  of  volt-amperes. 

In  this  case  their  lead  in  the  majority  of  the  cases  is  permanent. 

The  most  important  requirement,  presented  to  voltage 
transformers,  is  the  requirement  of  the  accuracy  of  measurement,  it 
is  necessary  that  they  would  introduce  least  possible  error  into 
measurements. 

Voltage  transformers  introduce  into  measurements  two  errors: 
error  in  the  value  of  voltage  (in  transformation  ratio)  AU  and  the 
angular  error  6. 

Resorting  to  reasonings,  oy  analogous  presented  in  §  19-1  during 
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the  derivation  of  forauia  (19-5),  and  utilizing  expression  (20-1),  we 
can  arrive  at  the  following  forauia  for  deteraining  the  error  in  the 
value  of  voltage,  expressed  in  percentages  of  the  aeasured  voltage 

*"*/■-— tF-  100-  (20-2) 

in  angular  error  in  voltage  transforaer  is  called  angle  6 
between  the  vector  of  primary  voltage  Ut  and  the  turned  on  180° 
vector  of  secondary  voltage  -  <J2  (Fig.  20-1). 

in  error  in  voltage  transforaer  in  the  value  of  voltage 
introduces  the  error  into  readings  of  all  measuring  meters,  and  the 
angular  error  has  a  value  only  for  instruments  and  wattmeter  type 
relay,  as  this  was  indicated  in  $}  19-1  in  the  relation  to  errors  in 
current  transformers. 

Both  errors  in  voltage  transformer  depend  on  its  running-light 
current  with  increase  in  wnicn  they  grow/rise.  For  reduction  in 
current  of  idling,  but  thereby  also  errors,  are  manufactured  voltage 
transformers  with  the  cores,  which  possess  least  possible  reluctance 
which  is  achieved  by  the  use/application  of  transformer  steel  with 
high  aagnetic  permeability,  by  the  decrease  of  the  length  of  magnetic 
circuit,  by  an  increase  in  the  cross-sectional  area  of  core,  and  also 
by  a  decrease  of  the  value  of  air  gaps  on  the  path  of  magnetic  flux. 
Errors  depend  also  on  active  and  inductive  winding  impedances  of 
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voltage  transformer  vita  decrease  of  which  the  errors  decrease. 

Hagnitudes  of  error  of  voltage  transformer  depend  on  its  use  in 
op^ation.  iith  an  increase  in  ourden  S2  both  errors  increase,  with 
loading  of  burden  (by  decrease  cos  *2)  especially  considerably 
increases  the  angular  error  in  voltage  trausforner. 


1 


k 


Pig.  20-1.  Schematic  of  tae  de vice/equipment  of  single-phase 
transformer  of  voltage  and  vector  diagram  of  voltages. 

Key:  (1).  To  current  transformer. 

Page  318. 

The  considerable  oscillations/vibrations  of  primary  voltage  also 
aanifest  themselves  magnitude  of  error  of  voltage  transformer. 

G-65T  C. All-union  State  Standard]  1983-4  3  it  is 
established/installed,  that  errors  in  voltage  transformer  do  not 
exceed  the  permissible  values  only  during  the  oscillation/vibration 
of  primary  voltage  within  limits  of  £l0o/o  from  £/lll0M. 

The  classes  of  the  precision  of  voltage  transformers  are 
characterized  by  the  great  ones  permitted  by  the  errors,  indicated  in 


Table  20-1 
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The  nominal  power  of  voltage  transformer  with  its  work  in  this 
class  of  precision  is  called  such  load  of  transformer  with  which  its 
errors  do  not  exceed  those  established/installed  for  this  class  of 
precision  (according  to  '(able  20-1). 

Voltage  transformer  can  work  m  the  different  classes  of 
precision  depending  on  the  value  or  its  burden.  To  each  class  of 
precision  corresponds  the  specific  nominal  power  of  voltage 
transformer. 

For  example,  for  voltage  transformer  of  the  type  nom-10  (voltage 
transformer  single-phase  with  oil  insulation  on  primary  voltage  10 
kV)  are  established/installed  the  nominal  power:  in  the  class  of 
precision  0.5-50  VA,  in  class  1-80  VA  and  in  class  3-200  VA.  Hence  it 
follows  that  if  burden  of  voltage  transformer  S2£50  VA,  then  it  works 
with  the  errors,  which  do  not  exceed  the  values, 

established/installed  for  the  class  of  precision  0.5.  with  burden  it 
is  more  than  50  VA,  but  not  more  than  80  VA,  voltage  transformer 
works  in  the  class  of  precision  1,  while  with  burden  in  the  limits  of 
80-200  VA  -  in  the  class  of  precision  3. 

Is  characterized  voltage  transformer  by  the  highest  class  of 
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precision  in  which  it  can  work  (it  is  indicated  in  its 
certified/rating  table). 

Voltage  transformers  of  class  0. 2  are  applied  only  for  precise 
laboratory  Measurements. 

For  the  start  of  attendant  electric  Measuring  instruaents  apply 
voltage  transformers,  whica  worx  in  the  class  of  precision  not  lower 
than  3  [  1.  3-6,  §  1-6-3].  me  calculated  and  monitor  counters  (see  § 
19-1)  one  should  connect  up  voltage  transformers  of  the  class  of 
precision  0.5. 

For  each  voltage  transformer:  is  established/installed  also  the 
amount  of  the  maximum  (maximum)  power,  long  permitted  according  to 
the  condition  of  its  heating. 

The  use  of  voltage  transformer  on  maximum  power  is  possible  only 
for  the  feed  of  signal  lamps,  disconnecting  coils  of  automata  and 
other  instruments  and  relay,  for  correct  work  of  which  does  not  have 
a  value  magnitude  of  error. 

29-2.  Diagrams  of  connections  of  voltage  transformers. 

By  a  nuiber  of  phases  are  distinguished  single-phase  and 
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three-phase  voltage  transf oreers.  soviet  plants  construct 
single-phases  transformer  of  voltage  on  all  voltages  to  500  kv 
inclusively,  and  three-phase  -  to  voltages  to  18  kv  inclusively. 

By  a  nueber  of  windings  are  Qistinguished  two-  and  triple-wound 
voltage  transf oraers.  The  latter,  besides  fundamental  secondary 
winding,  which  uses  for  tne  teed  ot  Measuring  meters  and  relay  of 
protection,  have  even  supplementary  winding,  intended  for  the  start 
of  the  relay  of  the  control/checKing  of  the  state  of  the  insulation 
of  network/grid  and  relay  of  protection  from  single-phase 
closings/shortings  to  the  earth.  Tnese  supplementary  windings  are 
placed  on  the  same  rods  of  magnetic  system,  as  inducing  windings  of 
voltage  transformer. 

Pig.  20-2  gives  the  most  commonly  used  diagrams  of  connections 
of  voltage  transformers.  One  single-phase  transformer  voltages 
(diagram  a)  apply  in  the  installations  of  single-phase  ones,  and  also 
three-phase  ones,  when  it  suffices  to  have  interphase  voltage  only 
between  two  any  phases  (for  the  start  of  voltmeters,  frequency 
meters,  coils  of  the  zero  voltage  of  hand  drives  of  switches,  voltage 
relay,  etc.) . 

On  schematic  b  two  siu gle- phases  transformer  the  voltages  are 
connected  into  the  open  delay. 
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Table  20-1.  Greatest  perai.ssj.ble  errors  in  voltage  transforaers  (GOST 
1983-43)  . 
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Note.  Errors  in  voltage  transformers  must  not  exceed  the  values, 
which  correspond  to  their  class  ol  precision  with  a  change  in  their 
load  froa  25  to  lOOo/o  of  nominal  value,  with  a  change  in  the  primary 

voltage  froa  0.9  to  1.1  from  nominal  and  with  cos  *2  =  0.  8. 

Key:  (1).  Class  of  precision.  (2).  Greatest  errors.  (3).  in  voltage. 
(4).  angular,  min.  (5).  it  is  not  normalized. 

Page  319. 

This  diagraa  is  suitable  it  necessary  for  the  start  of  measuring 
aeters  and  relay  only  on  the  interphase  voltages  (phase  voltages  of 
installation  according  to  tms  diagram  cannot  be  measured)  .  It  is 

applied  in  netwocks/grids  with  the  ungrounded  neutrals  or  with  the 

neutrals,  grounded  throuyn  nigh-impedance  resistors/resistances.  If 
the  power  of  two  single- phases  transformer  of  voltage  is 
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insufficient,  then  sometimes  switch  on  three  single-phases 
transformer  voltages  into  t ull/total/complete  triangle. 


On  schematic  c  (without  the  windings,  designated  by  dotted  line) 
three  single-phase  double  wound  voltage  transformers  they  are 
connected  into  star  with  the  dead  ground  of  the  neutral  of  priaary 
windings.  This  diagraa  makes  it  possible  to  aeasure  the  voltages 
between  phases  and  the  voltages  or  phases  with  respect  to  the 
earth/ground.  In  networks/grids  with  the  ungrounded  neutrals  or  with 
the  neutrals,  grounded  through  nigh-impedance  resistors/resistances, 
this  diagram  apply  only  for  control/checking  the  states  of  the 
insulation  of  network/grid  with  respect  to  the  earth/ground  (see  Vol. 
2,  chapter  15)  and  for  the  connection  of  the  instruments,  which  do 
not  require  the  especially  hign  class  of  the  precision  of  voltage 
transformers  -  voltmeters,  frequency  meters,  voltage  relays,  etc.  The 
electric  systems  indicated  can  comparatively  long  work  with  the 
locked  to  the  earth  phase  when  the  voltages  of 

intact/uninjured/undamaged  phases  with  respect  to  the  earth/ground 
are  raised  to  interphase  voltage  (chapter  5) ;  therefore  for 
connection  on  diagram  c  it  is  necessary  to  apply  single-phases 
transformer  of  voltage  on  the  nominal  voltage,  which  corresponds  to 
the  interphase  voltage  of  installation.  In  normal  mode  the  primary 
windings  of  these  voltage  transformers  constantly  are  located  under 
phase  voltage,  i.e.,  in  the  time  of  smaller  than  their  nominal 
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voltage,  in  connection  with  which  of  an  error  in  voltage  transformers 
they  can  considerably  exceed  normal  values.  Therefore  diagraa  c  and 
should  not  be  applied  for  tne  reed  of  wattmeters  and  counters. 


For  networks/grids  by  voltage  110  kv  it  is  above,  that  work  with 
dully  grounded  neutrals,  are  manufactured  single-phase  triple-wound 
voltage  transformers  whose  primary  windings  are  designed  for  the 
phase  voltage  of  installation  (diagram  in  Pia.  20-2c  with  t*> 
addition  of  the  windings,  traced  by  dotted  line).  In  this  case  the 
primary  windings  of  three  single- phases  transformer  of  voltage  are 
also  connected  into  star  with  tne  grounding  of  neutral,  however, 
since  they  are  designed  for  phase  voltage,  then  diagram  can  be  used 
for  the  start  of  any  measuring  meters. 


Fundamental  secondary  windings  connect  up  star  and  they  utilize 
for  the  feed  of  measuring  meters  and  relay  of  protection. 
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voltage,  in  connection  with  which  of  an  error  in  voltage  transformers 
they  can  considerably  exceed  noraai  values.  Therefore  diagram  c  and 
should  not  be  applied  for  tne  feed  of  wattmeters  and  counters. 

Por  networks/grids  by  voltage  110  kv  it  is  above,  that  work  with 
dully  grounded  neutrals,  are  manufactured  single-phase  triple-wound 
voltage  transformers  whose  primary  windings  are  designed  for  the 
phase  voltage  of  installation  (diagram  in  Pig.  20-2c  with  the 
addition  of  the  windings,  traced  by  dotted  line) .  In  this  case  the 
primary  windings  of  three  single- phases  transformer  of  voltage  are 
also  connected  into  star  with  tne  grounding  of  neutral,  however, 
since  they  are  designed  for  phase  voltage,  then  diagram  can  be  used 
for  the  start  of  any  measuring  meters. 

Fundamental  secondary  windings  connect  up  star  and  they  utilize 
for  the  feed  of  measuring  meters  and  relay  of  protection. 


i 
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Pig.  20-2.  Diagrams  of  connections  of  voltage  transformers. 

Page  320. 

Suppleaentary  secondary  windings  of  three  phases  connect  up  the 
extended  triangle  (windings  are  traced  by  dotted  line).  Since  in 
noraal  node  vector  sua  of  the  phase  voltages  of  three-phase  system  is 
egual  to  zero,  the  load  voltage  of  extended  triangle  (aj-Xj)  is 
approxiaately/exeaplarily  eguai  to  zero.  During  closing/shorting  to 
the  earth  of  one  of  the  phases  in  the  network/grid  of  primary  load 
voltage  of  the  extended  triangle  appears  the  voltage,  egual  to  vector 
sua  of  the  voltages  of  two  intact/unin jured/undaaaged  phases  (see 
Chapter  5) .  A  number  of  turns  of  suppleaentary  windings  is  such,  that 
this  vector  sum  of  voltages  within  the  limit  proves  to  be  equal  to 
100T.  If  we  include/connect  on  the  terminals/grippers  of  the  extended 
triangle,  for  example,  of  voltage  relay,  then  in  the  winding  of 
latter/last  current  it  will  not  normally  be  and  the  contacts  of  relay 
will  be  extended.  During  f ull/total/complete  single-phase 
closing/shorting  to  the  earth  in  tae  network/grid  of  highest  load 
voltage  of  relay  will  appear  the  voltage  100V,  and  it  will 
operate/actuate. 

Pig.  20-2d  and  e  shows  the  diagrams  of  connections  of 
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three-phase  tripivotal  voltage  transformers  which  can  be  used  for 
aeasuring  the  interphase  voltages  of  installation.  For  aeasuring  the 
voltage  of  phases  with  respect  to  the  earth/ground  these  voltage 
transformers  it  is  not  possible  to  utilize;  therefore  their  priaary 
windings  do  not  have  the  brought-out  neutrals.  In  diagram  e  is  used 
compensated  three-phase  voltage  transformer  (type  NTHK  -  voltage 
three-phase  oil  compensated) ,  distinctive  special  feature/peculiarity 
which  is  the  peculiar  diagran  of  connection  of  the  primary  windings 
of  three  phases.  In  these  voltage  transformers  the  fundamental  turns 
of  the  priaary  winding  of  each  phase  are  connected  with  a  small 
number  of  turns  of  another  phase  how  is  achieved  the  decrease 
(compensation)  of  angular  error. 

Thus,  in  three-phase  networas/grids  with  the  ungrounded  neutrals 
or  with  the  neutrals,  grounded  through  high-impedance 
resistors/resistances,  for  the  start  of  aeasuring  meters  and  relay  to 
interphase  voltage  it  is  possible  to  apply  either  the  circuit  diagram 
of  two  single-phases  transformer  into  the  open  delay  (diagram  b) ,  or 
three-phase  transformer  (diagrams  d  and  e) .  Preference  usually  give 
up  to  diagram  b  with  two  single-phases  transformer  voltages,  since 
they  are  more  reliable  than  three-phase  ones  and  their  repair  is 
cheaper  and  it  is  simpler.  The  nominal  power  of  two  single-phases 
transformer  is  more  than  the  nominal  power  of  one  three-phase.  The 
nonuniform  charging  of  the  phases  of  three-phase  voltage  transformer 
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leads  to  an  increase  in  its  errors. 


In  networks/grids  with  low  currents  the  closings/shortings  to 
the  earth  apply  also  three-phase  triple- wound  voltage  transformers 
with  the  magnetic  system,  which  has  five  rods  -  five-rod  voltage 

9 

transformers  (diagram  .  In  these  voltage  transformers  the  primary 
windings  of  three  phases,  the  designed  for  phase  voltage 
installations,  connect  up  star  and  they  ground.  Fundamental  secondary 
windings,  also  connected  into  star,  utilize  for  the  start  of 
instruments  to  interphase  or  phase  voltage.  Supplementary  secondary 
windings  connect  up  the  extended  triangle  and  they  utilize,  as  it  is 
said  above,  for  the  control/checking  of  the  state  of  the  insulation 


of  network/grid. 


Thus,  five-rod  voltage  transformers  appear  as  universal,  since 
they  make  it  possible  to  measure  the  interphase  voltages  and  to 
realize  control  of  insulation  state  with  respect  to  the  earth/ground 
and  relaying  from  single-phase  closings/shortings  to  the  earth  (in 
more  detail  about  the  control  of  insulation  state  see  7ol.  2,  chapter 
15). 

The  use/application  of  five-rod  voltage  transformers  for  the 


control  of  insulation  state  is  more  expediently  than  the 
use/application  of  three  single-phases  transformer  of  voltage,  since 
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three-phase  five-rod  transformers  simultaneously  can  be  utilized  for 
the  start  of  any  measuring  meters  and  relay. 

In  installations  witn  voltage  380  and  500V  voltage  transformers 
most  frequently  connect  only  through  safety  fuses  (Fig.  20-2a) ,  while 
in  the  installations  of  large  voltages  -  usually  through 
disconnectors  and  safety  devices/fuses  (Fig.  20-2b,  etc.) . 

Safety  devices/fuses  from  the  primary  side  of  transformer  serve 
for  circuit  protection  from  the  consequences  of  short  circuit  during 
damage  in  transformer  itself  or  in  the  section  between  safety 
devices/fuses  and  transformer.  These  safety  devices/fuses  do  not 
shield  voltage  transformer  from  overloadings,  since  the  rated  current 
of  their  fuse  lints  whose  section  is  taken  by  smallest  possible 
according  to  the  conditions  of  mechanical  strength,  many  times 
exceeds  the  insignificant  rated  current  of  primary  winding. 

Page  321. 

For  the  protection  of  voltage  transformer  from  overloadings  upon 
erroneous  connections,  and  also  from  short  circuits  in  all  ungrounded 
wires,  which  go  to  instruments,  are  established/installed  the  safety 
fuses  (P  in  Fig.  20- 2b)  or  the  smail/miniature  automata  of  maximum 


current 
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Before  voltage  transformers  it  is  aost  expedient  to 
establish/install  safety  fuses  with  quartz  filling  of  types  PKT  or 
PKTD,  which  are  high  speed,  current-limiting  and  are  capable  of 
disconnecting  the  very  larye  power  of  the  short  circuit  (see '(able 
P-12)  . 


In  the  open  distributors  before  voltage  transformers  35  kV  are 
installed  horny  safety  fuses.  Since  the  disconnecting  ability  of  the 
latter  is  small,  then  before  them  compulsorily  install  the 
current-limiting  resistors/resistances. 

Voltage  transformers  110  kv  are  above,  and  also  busbar/tire 
connections  to  then  are  fulfilled  with  large  reliability,  why  short 
circuits  in  them  little  are  probable.  Based  on  this,  voltage 
transformers  indicated  connect  up  the  collecting  mains  of 
installations  only  througn  disconnectors,  without  safety 
devices/fuses. 

20-3.  Constructions/designs  of  voltage  transformers. 

Soviet  plants  manufacture  voltage  transformers  on  all  voltages 
to  500  kV  inclusively.  Depending  on  insulation  are  distinguished 


] 
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voltage  transf oriers  with  dry  and  oil  insulation.  Both  those  and 
others  are  fulfilled  in  accordance  with  natural  air  and  oil-imaersed 
natural  cooler. 

Air-ianersads  transforaer  of  voltage  are  applied  only  in  the  dry 
closed  distributors.  Their  fundaaental  advantages:  light  weight,  fire 
and  explosion-proof  character  (there  is  no  fuel  oil).  Soviet  plants 
aanufacture  air-iaaerseds  transforaer  of  voltage  for  installations  to 
6  kV  inclusively  ((able  P-18):  single-phase  of  the  type  NOS  (voltage 
transforaer  single-phase  dry) ,  type  NOSK  { K  -  with  the  compensating 
winding)  and  three-phase  tripivotal  of  the  type  NTS. 

The  tank  transformers  of  the  voltage  of  normal 
construction/design  Soviet  plants  manufacture  to  voltages  3-35  kV 
((able  P-18) .  Magnetic  system  witn  the  windings  of  this  transformer 
is  placed  in  the  welded  steel  tank,  flooded  by  transformer  oil.  The 
outputs  of  windings  are  realized  tnrough  porcelain  wall  entrance 
insulators,  fastened/strengthened  in  steel  cover/cap  (Fig.  20-3)  . 

To  voltages  3-18  kv  are  manufactured  voltage  transformers 
single-phase  of  the  type  NON  (voltage  transformer  single-phase  oil. 
Fig.  20-3),  three-phase  tripivotal  of  the  type  NTNK  (K  -  that 
compensated)  and  three-phase  five-rod  of  the  type  NTH  I  (Fig.  20-4). 
They  all  are  intended  only  for  internal  installation  and  do  not  have 
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expanders  (see  Chapter  23)  ;  tnerefore  in  them  under  the  head  of  tank 
it  reaains  certain  not  rilled  by  oil  space. 

To  voltage  35  kV  manufacture  only  single-phases  transformer  the 

voltages  for  the  external  installation  of  types  NON-35  and  $NOH-35  (3 

\ 

-  triple-wound  with  dead  ground  neutrals  of  prinary  windings,  i.e., 
for  connection  on  diagraa  in  Fig.  20- 2c,  switching  on  the  designated 
by  dotted  line  connection  in  the  extended  triangle  of  suppleaentary 
windings) .  The  tanks  of  these  voltage  transformers  are  equipped  with 
expanders. 

Cascade  voltage  transformers.  With  voltage  110  kv  and  above 
noraal  single-phases  transformer  the  voltages  with  steel  tanks  and 
porcelain  wall  entrance  insulators  are  obtained  excessively  bulky, 
heavy  and  expensive.  Theretore  tor  these  voltages  received  wide 
acceptance  cascade  voltage  transformers,  assembled  in  porcelain 
jackets  and  not  having  wall  entrance  insulators. 
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Pig.  20-3.  Single-phase  transforaer  of  voltage  of  the  type  MOH-10  on 
10  k¥  with  oil  cooling  foe  internal  installation,  a)  in  the  assembled 
fora;  b)  cutting  part.  1  -  core;  2  -  winding  10  k¥;  3  - 
ter ainal s/grippers  of  the  priaary  circuit;  4  -  conclusion/output  of 
the  secondary  voltage;  5  -  insulators;  6  -  jacket. 

Page  322. 

In  usual  voltage  transforaer  priaary  winding  insulate  from  core  and 
secondary  winding  to  total  voicage  of  installation,  in  cascade 
voltage  transforaer  the  insulation  is  distributed  evenly  to  the 
series/row  of  the  steps/stages  each  of  which  is  located  only  under 
certain  part  of  the  voltage  of  installation.  This  gives  the  large 
savings  of  insulation. 

Cascade  voltage  transforaer  consists  of  the  series-connected 
choke  coils,  connected  between  the  phase  and  the  ground  (Fig.  20-5)  . 
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With  dully  grounded  neutrals  of  the  network/grid  through  all  choke 
coils  flows/occurs/lasts  the  identical  current,  proportional  U*  to 
network/grid.  The  latter/last  choae/throttle,  connected  with  the 
earth/ground,  has  secondary  winding.  With  change  U*  in  the 
network/grid  changes  lead  voltage  of  this  secondary  winding. 

If  secondary  winding  is  extended  (idling),  then  nagnetic  fluxes 
in  the  cores  of  all  eleaents/cells  of  cascade/stage  are  equal  and  the 
voltage  between  then  is  distriouted  evenly.  In  the  case,  represented 
in  Fig.  22-5a,  to  each  eleaent/cell  of  cascade/stage  coses  voltage 
'/a U..  After  connecting  electrically  midpoint  of  the  winding  of  each 
elenent/cell  with  core,  we  obtain,  that  the  extrene  turns  of  windings 
eust  be  isolated /insulated  from  core  only  on  '1,11^.  At  the  sane  tine 
cores  Bust  be  isolated/insulated  iron  each  other  and  from  housing. 

The  latter  is  reached  sisply,  since  housing  is  fulfilled  fron 
porcelain.  Thus,  in  this  transforaer  the  insulation  of  internal  parts 
Bust  be  calculated  not  Bore  as  on  lUU*,  instead  of  in  usual 
transf oraers. 

If  secondary  winding  is  locked  to  aeasuring  seters,  then  in  it 
flows/occurs/lasts  certain  current,  which  creates  the  denagnitizing 
nagnetic  flux,  as  a  result  of  which  the  resulting  nagnetic  flux  in 
the  core  of  lower  elenent/cell  proves  to  be  less  than  nagnetic  fluxes 
in  the  cores  of  other  eleaents/cells.  Because  of  this  inductive 
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reactances  of  the  eleeeats/cells  of  cascade/stage  will  be  different 
and  voltage  it  will  be  distributed  between  then  unevenly.  For 
elininating  this  will  deposit  to  the  cores  of  all  ele  sent  s/cells 
suppleaentary  windings  with  an  identical  nuaber  of  turns,  connecting 
thea  contrarily  (Fig.  2G-5o) .  As  a  result  of  this  any  change  of 
aagnetic  flux  of  one  of  the  eleaents/cells  causes  the  course  of  the 
cross  currents  (they  are  shown  oy  rif lenan/pointers) ,  which 
deaagnitize  the  cores  of  eleaents/cells  with  greater  aagnetic  flux 
and  which  aagnetize  with  smaller.  Magnetic  fluxes  in  cores  will  be 
approxinately/exeaplarily  equal,  and  voltage  on  eleaents/cells  will 
be  distributed  evenly.  Each  eleaent/cell  of  cascade/stage  has  the 
independent  two-rod  aagnetic  circuit. 

Cascade  voltage  transforaers  usually  have  two  secondary 

■  • 

windings:  fundamental  to  voltage  100/ 1/3  V  and  suppleaentary  to 
voltage  100V.  For  the  feed  of  measuring  asters  and  relay  of 
protection  is  installed  the  group  of  three  cascade  transformers, 
connecting  fundaaental  secondary  windings  in  star,  and  suppleaentary 
-  into  the  extended  triangle  (diagran  c  in  Fig.  20-2), 

Soviet  plants  manufacture  cascade  transforaers  by  voltages  110 
kV  and  higher  (type  HKF)  for  external  installation.  The  general  view 
of  cascade  transformer  to  voltage  110  kV  is  shown  in  Fig.  20-6.  The 
schematic  diagram  of  its  connections  is  given  in  Fig.  20-5b.  The 
phase  voltage  of  installation  composes  1  (0/ y 3  ~ 6)  kV. 


I 
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Pig.  20-4.  Three-phase  fj.ve-rod  voltage  transformer  type  UTHI-10  on 
10  kT  for  internal  installation. 


Pig.  20-5.  Schematic  diagrams  of  cascade  voltage  transformer  on  110 

kT. 


Page  323 
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0ith  two  eleaents/cells  and  wit h  the  connections  accepted  internal 
insulation  is  fulfilled  to  voltage  not  aore  than  32  kV. 

Porcelain  housing  1,  fastened/strengthened  to  trolley  5,  is 
equipped  with  aetal  cap-  expander  2  with  oil  aeter  tube  with  4.  Hire 
froa  the  phase  of  circuit  110  xV  tney  terminate  3,  which  is  connected 
since  the  beginning  of  the  priaary  winding  and  is  built  in  directly 
the  aetallic  expander,  the  latter,  therefore,  is  located  under 
voltage.  The  end/lead  ci  priaary  winding  is  connected  to  the  aetallic 
trolley  which  reliably  grounds  (6  -  outputs  of  secondary  windings). 

Cascade  voltage  transforaers  do  not  have  wall  entrance 
insulators,  which  sharply  decreases  their  overall  sizes,  weight  and 
cost/value. 

Por  a  characteristic  let  us  note  that  if  the  total  weight  of 
noraal  voltage  transformer  on  110  xV  (in  aetallic  tank  with  wall 
entrance  insulators,  type  NION-110)  was  3,895  kg,  then  the  weight  of 
cascade  voltage  transforaer  of  the  type  NKF-110  is  only  1,360  kg, 
i.  e.,  it  is  approxinately/exeaplarily  2.9  tines  less.  Cost/value  was 
respectively  lowered  approxiaately/exeaplari ly  to  25o/o. 
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Cascade  voltage  transforaers  comprise  froa  several  identical 
eleeents/cells  whose  specific  number,  voltage-sensitive,  they 
collect/boild  and  connect  up  tae  specific  sequence.  For  example, 
cascade  transforaer  to  voltage  220  tv  they  coapose  of  four 
eleaents/cells  of  transforaer  on  110  kV.  In  this  case  the  housing  of 
the  first  consists  of  two  porcelain  covers  of  the  sane 
sizes/diaensions  and  transforaer  on  110  kV.  ill  this  considerably 
siaplifies  and  reduces  the  cost  of  the  production  of  cascade  voltage 
transforaers  it  facilitates  their  transport. 

A  deficiency/lack  in  cascade  voltage  transformers  is  their 
somewhat  larger  than  errors,  which  increase  with  an  increase  in  the 
nuaber  of  eleaents/cells.  Soviet  cascade  voltage  transforaers  have  a 
class  of  precision  1 . 

Coabined  voltage  transformers  and  current.  Possible  to  combine 
in  one  jacket  single-phase  transformer  of  voltage  and  current 
transforaer,  as  it  is  schematically  shown  in  Fig.  20-7a.  Input  and 
output  of  one  phase  for  the  connection  of  the  primary  winding  of 
current  transforaer  1  easily  is  realized  in  one  wall  entrance 
insulator,  since  the  insulation  of  the  current-carrying  rods  aust  be 
carried  out  to  a  comparatively  saall  voltage.  Second  wall  entrance 
insulator  is  necessary  tor  the  connection  of  the  primary  winding  of 
voltage  transforaer  to  the  second  phase  or  for  connection  into  the 
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star  of  the  primary  "windings  of  three  such  voltage  transf oraers . 

In  netvorks/grids  with  dully  grounded  neutrals  and  during  the 
use/application  of  porcelain  housing  there  is  no  need  for  in  bulky 
•all  entrance  insulators  (Fig.  20- 7b) . 

20-4.  Capacitor  voltage  dividers. 

In  the  installations  of  very  high  voltages  for  the  feed  of  the 
branch  circuits  of  measuring  aeters  and  relay  of  protection  instead 
of  voltage  transformers  it  is  possible  to  utilize  capacitor  voltage 
dividers. 

Capacitor  voltage  divider  consists  of  several  series-connected 
capacitors/condensers  of  identical  capacity/capacitance,  connected  to 
the  measured  voltage,  in  electric  systems  with  grounded  neutrals  by 
voltage  110  kv  it  is  above,  where  predoainantly  and  are  applied 
capacitor  voltage  dividers,  then  are  connected  between  the  phase  and 
the  earth/ground  (Fig.  20-8a). 


KU 


DOC  *  79134820 


PAGE 


Pig.  20-6.  Cascade  voltage  transformer  of  the  type  NKF-110  on  110  kV. 


Pig.  20-7.  Schematic  diagrams  of  combined  current  transformers  and 
voltage,  a)  in  the  metal  casing;  b)  in  porcelain  jacket  for  systems 
•ith  dully  grounded  neutrals.  1  -  current  transformer;  2  -  voltage 
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transformer;  3  -  conclusion/output  from  current  transforeer;  4  - 
conclnsl on/output  froe  voltage  transforaer;  5  -  two-rod  wall  entrance 
insulator;  6  -  steel  jacket;  7  -  porcelain  jacket;  8  -  expander;  9  - 
isolated/insulated  conclusion/o  utput ;  10  -  conclusion/output, 
electrically  connected  with  the  expander;  11  -  insulator;  12  - 
trolley  or  aetallic  base. 

Page  324. 

■ith  n  capaci tors/co ndensers  in  divider  each  of  thee  is  located  under 
voltage  Uc  =  ^±t  which  usually  composes  several  thousand  volts. 

Connecting  electrostatic  volteeter  (Pig.  20-8a) ,  to  the 
terainals/grippers  of  latter/last  capacitor/condenser,  it  is  possible 
to  neasure  by  it  the  voltage  of  installation  with  respect  to  the 
earth/ground,  since  with  change  proportionally  it  changes  and 
i.e.  load  voltage  of  volteeter. 

For  the  feed  of  the  pressure  coils  of  instruments  and  normal 
type  relay  to  the  terainals/grippers  of  latter/last 
capacitor/condenser  they  connect  instrument  transformer,  which 
transforms  voltages  of  up  to  value  100V  (Pig.  20-8b)  . 


The  accuracy  of  measurement  with  the  aid  of  the  voltage  dividers 
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is  saall.  Error  in  voltage  reaches  6-IO0/0,  and  angular  to  90-120  nin 
and  even  larger  values,  in  this  case  the  errors  to  large  degree 
depend  on  the  teaperature  of  divider,  value  and  character  of  its 
burden  and  series/row  ot  other  factors.  Therefore  capacitive 
voltage-dividers  for  precise  aeasureaent s,  but  especially  for  the 
feed  of  counters  electric  power,  do  not  apply.  Then  are  utilized  for 
the  feed  of  those  instruaents  and  relay  for  which  comparatively  large 
errors  do  not  have  the  vital  importance:  voltmeters,  frequency 
aeters,  instruaents  of  synchronization,  voltage  relay,  etc.  The  feed 
of  wattaeters  is  allowed/assuaed  when  they  serve  only  for  determining 
the  direction  of  the  course  of  power  in  the  locked  network/grid  (for 
example,  in  the  ring  of  electric  power  lines)  . 

As  capacitor  voltage  dividers  are  utilized  condenser  types 
terainal  of  oil  breakers  and  power  transformers  by  voltage  110  kV  and 
are  above  or  the  capacitors/condensers  of  high-frequency 
connection/coaaunication  on  tne  wires  of  electric  power  lines. 

Pig.  20-8c  gives  the  scheaatic  of  device  for  measuring  the 
voltage  (in  abbreviated  fora  PIN)  with  the  aid  of  condenser  type 
terainal  1.  As  is  known,  the  insulation  of  the  current-carrying  rod 
of  2  condenser/capacitor  wall  entrance  insulators  is  fulfilled  by  the 
series/row  of  cylinders  from  Bakelite  paper  3  with  metallic 
separators  4  between  them  (from  foil)  .  Bach  pair  of  metallic  rollers. 
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divided  by  the  Bakelite  paper,  is  cylindrical  capacitor/condenser. 

The  sizes/dimensions  of  cylinders  are  selected  so  that  the 
capacitances  of  all  capacitors  would  be  identical.  The  external 
facing  of  latter/last  capacitor /condenser  is  grounded.  In  parallel  to 
latter/last  capacitor/condenser  they  connect  primary  winding  5  PIN. 
Secondary  windings  two;  one  (6)  to  nominal  voltage  110V  the  second 
(7)  to  \QQjVf  V.  Secondary  windings  PIN  of  three  phases  connect  just 
as  secondary  windings  of  single-phases  transformer  of  voltage  (Fig. 
20- 2c) . 

The  decrease  of  errors  PIN  is  achieved  by  controlling  a  number 
of  turns  of  its  primary  winning.  For  the  same  targets  is  provided 
reactor  by  8  with  a  variable  number  of  turns.  Capacitor/condenser  9 
serves  for  the  compensation  for  exciting  current  of  transformer  and 
inductive  component  of  the  current  of  burden,  which  also  decreases 
the  errors  PIN. 

Discharger  (discharger/gap)  10  shields  primary  winding  and 
reactor  from  overvoltages  during  short  circuits  in  the 
tereinals/grippers  of  secondary  windings. 

Permissible  burden  PIN  is  usually  small  and  is  only  10-50  VA. 


All  the  eguipment  PIN  is  placed  in  the  snail  steel  tank,  flooded 


DOC  *  79134820 


M“  \Tn63 


by  transformer  oil,  which  is  fastened  to  Baku  switch  near  its 
introductions/inputs  (Fig.  17-4)  .  PIN  can  be  established/installed  on 
three  or  during  six  introductions/inputs  of  switch. 

The  examined  de vices/e guipaent  considerably  cheaper  than  cascade 
voltage  transformers  and  do  nor  occupy  the  place  in  distributor. 

The  capacitors/condensers  of  high-frequency 
connection/communication  on  the  wires  of  electric  power  lines  are 
performed  in  the  form  of  separate  apparatuses  in  porcelain  housings. 
The  setting  up  of  such  capacitors/condensers  it  is  possible  to  see  on 
the  drawings  of  distributors  oy  voltage  110  kV  even  above,  led  in 
chapter  10  second  volumes. 

These  capacitors/condensers  simultaneously  utilize  for 
connection  to  the  wires  of  the  line  of  the  transceivers  of 
connect! on/conmunication  and  for  me  start  of  some  relayings. 
Permissible  burden  of  apparatuses  of  this  type  reaches  hundreds  of 
volt-amperes. 
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Pig.  20-8.  Capacitor  voltage  dividers,  a)  the  schematic  of  the 
connection  of  the  electrostatic  voltmeter;  b)  the  schematic  of  the 
connection  of  normal  instruments  and  relay  with  the  use  of  auxiliary 
instrument  transformer;  cj  schematic  diagram  PIN. 

Key:  (1).  v. 
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Page  325. 

Chapter  twenty  ora. 

SELECTION  OF  ELECTRICAL  APPARATUSES. 

21-1.  General  conditions  for  the  selecting  of  apparatuses  froa  rating 
factors. 

The  reliable  wort  of  electrical  plant  can  be  provided  only  in 
such  a  case,  when  each  adjustable  on  it  electrical  apparatus  is 
correctly  selected  bcth  according  to  the  conditions  of  the  noraal 
aode  of  work  and  on  working  conditions  during  short  circuits.  Is 
examined  below  the  selection  of  apparatuses  froa  those  rating 
factors,  which  are  general/coaaon/total  for  all  apparatuses. 

Selection  of  apparatuses  on  nominal  voltage.  The  nominal  voltage 
of  electrical  apparatus  U,na.»o»  is  called  the  indicated  on  its  panel 
interphase  voltage,  numerically  egual  to  the  nominal  voltage  of  that 
electrical  network  (§  3-1),  for  a  work  in  which  it  it  is  intended.  At 
the  saae  tiae  all  electrical  apparatuses  can  how  conveniently  long 
tiae  reliably  work,  also,  with  the  voltage,  on  10-15o/o  aore  than 
nominal,  which  is  called  the  aaxiaua  operating  voltage  of  the 
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apparatus  (it  is  indicated  in  the  catalogs  of  apparatuses) 


Vhen  selecting  of  apparatus  on  voltage  it  is  necessary  that  the 
aaxiaua  long  possible  in  the  operation  voltage  of  setting  up  would 
not  exceed  the  naxiaua  operating  voltage  of  apparatus.  If  one 
considers  that  the  naxinua  is  wonting  voltage  of  electrical  devices 
(voltage  on  the  collecting  aains  of  stations  and  substations),  as  a 
rule,  it  does  not  exceed  their  noninal  voltage  (noninal  line  voltage) 
aore  than  to  10-  15o/o,  then  when  selecting  of  electrical  apparatuses 
on  voltage  it  suffices  to  ooserve  the  condition: 


U  >U 

annuo*  ycT.Hou* 


(21-1) 


The  observance  of  this  condition  guarantees  sufficient 
dielectric  strength  of  the  insulation  of  apparatus  with  all  operating 
changes  in  the  operating  voltage  of  setting  up. 


Selection  of  apparatuses  on  tne  hind  of  setting  up.  If  in  the 
closed  distributors  apparatuses  do  not  undergo  any  special 
ataospheric  effects,  then  in  the  open  distributors  apparatuses  are 
located  under  aore  severe  conditions,  since  their  insulation 
undergoes  the  effect  of  ataospheric  residues/settlings,  it  is 
covered/coated  with  dust,  products  of  escape  froa  the  chianey  stacks 
of  boiler  rooas,  etc.  In  accordance  with  this  the  apparatuses 
aanufacture  two  types  -  for  internal  and  external  settings  up. 
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In  the  case  of  the  construction  of  the  open  distributors  in  the 
places,  subjected  to  the  intensive  contamination,  and  also  near  the 
cheeical  plants,  which  saturate  air  by  the  detrimentally  operating  on 
insulation  pairs  of  acids  and  by  other  chemical  reagents,  it  is 
necessary  to  install  apparatuses  with  increased  dielectric  strength 
of  insulation,  for  which  should  be  applied  apparatuses  with  the 
insulators  of  special  construction/design  or  selected  to  large 
nominal  voltage.  In  a  number  of  cases  it  can  prove  to  be  even 
advisable  refuse  from  the  open  distributors  and  install  those  closed. 

Selection  of  apparatuses  on  rated  current.  The  rated  current  of 
electrical  apparatus  SMll.Bo„  is  called  that  greatest  prolonged  current 
with  which  the  apparatus  can  work  now  conveniently  long  tine,  if  the 
temperature  of  surrounding  air  does  not  exceed  calculated  value, 
which  for  apparatuses  is  accepted  in  the  USSR  equal  to  o0=35°C.  In 
this  case  heating  all  parts  of  the  apparatus  does  not  exceed  the 
permissible  value  (see  also  $  3-3)  .  The  rated  current  of  apparatus  is 
indicated  on  its  plant  panel. 

Por  the  reliable  work  of  apparatus  it  is  necessary  that  its 
rated  current  would  be  eguai  or  more  than  to  the  maximum  prolonged 
current  of  the  load  of  that  circuit  in  which  it  was 

established/installed;  therefore  when  selecting  of  apparatus  on  rated 
current  must  be  observed  the  condition: 

^•an.NOM  ^ 


(21-2) 
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•hut  ^.nc  -  a  aaxiaua  prolonged  current  o£  the  load  of  circuit  in 
which  is  installed  the  apparatus  [taking  into  account  the  possible 
prolonged  overloading  or  circuit  -  see  also  indications  to  foreula 
(10-2)  in  §  10-2]. 

The  overloading  of  apparatus  ny  the  current,  exceeding  its  rated 
current  at  a  calculated  teaperature  of  surrounding  air  of  ©o*35°C, 
and  thereby  the  excess  of  the  long  peraissible  teaperature  of  heating 
its  parts,  causes  the  sharp  loss  of  life  of  apparatus  as  a  result  of 
a  change  in  the  mechanical  and  electrical  properties  of  naterials; 
therefore  for  the  majority  of  apparatuses  overloading  with  ,o0  '■35°C 
normally  is  not  allowed/assuned. 

Page  326. 

The  corresponding  indications  aoout  the  permissible  overloading  are 
given  in  catalogs  to  apparatuses. 

If  apparatus  aust  work  at  teaperature  of  air  of  higher  than 
35°C,  then  as  a  result  of  the  worse  conditions  for  cooling  it  it  is 
possible  to  load  to  current,  soaewhat  smaller  nominal. 


SOC  =  79134820 


Temperature  excess  of  heating  the  current-carrying  part  of  the 
apparatus  is  proportional  to  the  square  of  the  current  of  load; 
therefore 

^p»6 

,  'mu.HOH 

whence 

1  /  - —  /  ~\  /  ^on  /<>  i  o  \ 

i  pafi  (os.iiom  y  __  35. » 

•here  I P.c  -  the  permissible  operating  current  of  apparatus  with 
»>  35°C; 

ftAo"  -  the  long  permissible  teaperature  of  heating  apparatus. 

Equipment  of  normal  construction/design  can  wort  at  teaperature 
of  surrounding  air  not  more  than  ♦60°C  and  not  less  than  -40°C. 

If  the  maximum  teaperature  of  the  which  surrounds  apparatus  air 
is  less  than  35®C,  then  as  a  result  of  the  best  conditions  for 
cooling  the  long  let-go  current  can  be  somewhat  increased.  For 
example*  according  to  the  data  of  plants*  at  i&'a<.:35°C  and  the 
greatest  permissible  operating  current  of  high-voltage  switches* 
disconnectors  and  current  transformers  it  is  possible  to  increase  of 
calculation  by  0.5  SinnHOM  by  each  degree  of  a  decrease  in  the 
temperature  of  air  lower  than  J5°C*  but  in  all  it  is  not  more  than  to 
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20O/O  J.mmiom' 

Onder  the  aaxiaua  temperature  of  surrounding  air  it  is  necessary 
to  understand  the  greatest  teaperature  of  air  in  the  site  of 
installation  of  apparatus,  aeasured  at  a  distance  of  1-2  a  froa  the 
aiddle  of  its  housing  and  n y  the  duration  not  less  than  0.5  h. 

21-2.  Checking  electrical  apparatuses  to  the  actions  of  short-circuit 
currents. 

Por  checking  electrical  equipment  to  stability  during  short 
circuits  it  is  necessary  to  know  the  great  possible  value  of  the 
short-circuit  current  which  can  flow/occur/last  over  this 
eleaent/cell  of  electrical  plant.  The  practical  methods  of 
calculation  of  short-circuit  currents  are  presented  in  chapter  6. 
There  are  in  detail  shown  those  conditions  for  the  work  of  electrical 
plant  during  which  the  short-circuit  current  has  great  value.  In  § 

6-3  are  given  the  indications  about  the  composition  of  network  of  the 
setting  up  using  which  are  designed  short-circuit  currents. 

Here  we  will  additionally  examine  selection  on  network  of  the 
calculation  points  of  short  circuit,  and  also  determination  of  the 
calculated  duration  of  the  course  of  short-circuit  current.  After 
this  let  us  examine  the  general  conditions  of  checking  the 
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apparatuses  to  stability  during  short  circuits.  The  selection  of  the 
disconnecting  apparatuses  according  to  the  disconnecting  ability  is 
presented  below  in  §  21-3. 

Selection  of  the  calculation  points  of  short  circuit  and 
calculated  duration  of  the  course  of  short-circuit  current.  The 
calculation  points  of  short  circuit  should  be  outlined  on  network  of 
setting  up  so  that  about  selective  electrical  equipment  would  flow 
the  greatest  possible  short-circuit  current.  The  duration  of  the 
course  of  current  is  defined,  as  noted  in  §  7-2,  by  the  time  of 
action  of  fundamental  relaying,  shielding  the  damaged  element/cell  of 
setting  up,  and  by  the  tine  of  action  of  the  switch:  This 

tine  is  necessary  for  checking  electrical  equipment  to  thermal 
resistance  during  short  circuits. 

In  the  form  of  an  example  let  us  examine  the  selection  of  some 
calculation  points  in  the  diagran  of  Fig.  21-1.  Let  us  first  of  all 
note  that  the  circuits  of  generators  and  synchronous  condensers  in 
power  approxinately/exenplarily  1000  kw  and  above  and  power 
transformers  power  7500  kVA  and  more  normally  supply  with  special 
high  speed  relayings  (differential  protection  or  current  cutoffs:  cm, 
Tol.  2,  chapter  13),  which  have  small  triggering  time, 
approxiaately/exemplar ily  0.  1-0.2  s.  These  protection  are  fundamental 
protection  from  short  circuits  for  the  elements/cells  of  setting  up 
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in dicat ed. 

For  the  selectioa  of  electrical  equipment  in  the  circuit  of 
generator,  for  exaaple  i-1,  is  sufficient  to  outline  two  points  of 
the  short  circuit:  K-1  and  K-2.  During  short  circuit  at  point  K- 1 
over  electrical  equipaent  of  generator  branching  flows/occurs/lasts 
the  current  short  froa  generator  G-2  and  systeas,  while  during  short 
circuit  at  point  K-2  only  short-circuit  current  froa  generator  G-1. 

Page  327. 

Obvious  that  at  the  identical  power  of  current  generators  of  short 
circuit  froa  generator  G-2  and  systeas  are  sore;  therefore  all  the 
eguipaent  of  generator  should  oe  selected  on  this  current. 

Calculation  point  is  K-1.  The  duration  of  the  course  of  short-circuit 
current  is  equal  to  the  tine  of  action  of  high  speed  (differential) 
relaying  of  generator  plus  the  tripping  tine  of  switch  V-1. 

Calculation  point  for  checking  to  the  actions  of  the 
short-circuit  current  of  tne  collecting  nains  of  station  is  point 
K-3,  since  in  this  case  in  the  nearest  to  the  place  of 
closing/shorting  section  of  collecting  nains  (section  ab) 
flows/occurs/lasts  short-circuit  current  frca  both  of  generators  and 
systea.  During  this  daaage  works  relaying  of  busbars  and  are 
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disconnected  switches  7-1,  V-J  and  7-4. 

Electrical  equipment  and  circuits  of  the  transforner  of  its  own 
needs  T-1  nust  be  checked  to  short-circuit  current,  flowing  into 
point  K-4  from  both  of  generators  and  systen.  It  is  obvious  that  this 
current  is  equal  to  short-circuxt  current  during  daaage  on  collecting 
eains  at  point  K-3.  The  duration  of  the  course  of  short-circuit 
current  in  the  case  in  question  is  deternined  by  the  tine  of  action 
of  fundamental  relaying  of  transformer  T-1  and  by  the  tripping  tine 
of  switch  7-2. 

It  is  obvious  that  for  checking  electrical  equipment  on  the  side 
of  the  secondary  voltage  of  tne  transformer  of  its  own  needs  nust  be 
outlined  the  corresponding  point  of  short  circuit  at  this  voltage. 

Sectionalizing  switch  V-J  and  established/installed  in  its 
circuit  apparatuses  should  be  c necked  against  the  short-circuit 
current,  which  flows  into  point  K-J  from  generator  G-2  and  fron  the 
system  through  the  transforner  T-3  with  off  transforner  T-2.  It  is 
not  difficult  to  be  convinced  that  this  will  be  the  greatest  possible 
short-circuit  current  for  the  circuit  of  sectionalizing  switch.  The 
tine  of  the  course  of  short-circuit  current  is  deternined  by  the  tine 
of  action  of  the  protection  of  the  collecting  mains  of  station  and  by 
the  tripping  tine  of  switch  V-J. 
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Electrical  equipment  in  the  circuit  of  the  priaary  voltage  of 
the  step-up  transforeer  T-2  (iron  the  collecting  eains  of  generator 
voltage  to  transforaer  T-2)  should  be  checked  against  larger  of  the 
short-circuit  currents,  which  floe  into  point  K-6  or  into  point  K-7. 
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Pig.  21-1.  Line  diagraa  of  power  plant  to  the  explanation  of  the 
selection  of  design  conditions  and  for  example  of  21-1. 

Key:  (1).  System.  (2).  k  V.  (J) .  District  substation.  (4).  section. 

(5).  Peed  of  its  ovn  needs.  (6) .  Distribution  point. 

Page  328. 

It  is  easy  to  be  convinced  that  under  conditions  of  the  diagram  in 
question  about  electrical  equipment  indicated  large  short-circuit 
current  flows  during  damage  at  point  K-6  and  on  the  assumption  that 
the  switch  7-5  from  the  side  of  secondary  voltage  110  kV  is 
disconnected  (short-circuit  current  of  the  generators  of  station  plus 
short-circuit  current  from  the  system  through  T-3) .  This  case  of 
short  circuit  at  point  K-6  is  feasible  at  the  moment  of  the  start  of 
transformer  T-2  under  voltage  by  switch  V-4.  Analogously  for  the 
selection  of  electrical  equipment  in  section  from  T-2  to  collecting 
mains  110  kV  the  calculated  case  is  short  circuit  at  point  K-8  with 
off  switch  V-4.  i.e.  at  the  moment  of  the  start  of  transformer  under 
voltage  by  switch  V-5  (short-circuit  current  from  system  plus 
short-circuit  current  from  the  station  through  one  transformer  T-3) . 
In  both  dismantled/selected  cases  the  duration  of  short  circuit  is 
equal  to  the  tine  of  action  of  the  high-speed  protection  of 


I 


DOC  =  79134820  PAGE 

transformer  plus  the  tripping  tine  of  the  corresponding  switch. 

In  settings  up  with  tae  dual  system  of  collecting  mains  (Fig. 

3-4)  when  selecting  of  design  conditions  for  a  bus-connecting  switch 
3hould  be  considered  its  use  for  start  under  the  voltage  of  the 
stand-by  system  of  collecting  mains.  If  at  the  nooent  of  the  start  of 
bus-connecting  switch  on  stand-by  ousbars  is  created  short  circuit, 
then  through  it  will  f low/occur/iast  short-circuit  current  from  all 
supplies  of  power  (as  into  point  K-3) .  To  thi-s,  current  must  be 
calculated  bus-connecting  switch  and  entire  established/installed  in 
its  circuit  electrical  equipment.  One  should  also  consider  that  with 
the  fulfillment  of  process/operation  indicated  above  relaying  of 
bus-connecting  switch  must  be  controlled  to  action  without  tine 
element  (to  the  smallest  possible  period  of  action)  . 

Electrical  equipment  in  the  circuit  of  the  waste/exiting  line 
without  reactor  is  checked  against  short-circuit  current  during 
damage  at  the  very  beginning  of  the  waste/exiting  line,  it  is 
analogous  how  this  was  shown  in  the  relation  to  equipment  in  the 
circuit  of  the  transformer  of  its  own  needs  T-1  (point  K-4) .  In  other 
words,  equipment  in  the  circuit  of  the  waste/exiting  line  must  be 
checked  to  the  current,  equal  to  snort-circuit  current  on  the 
collecting  mains  of  setting  up. 
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Electrical  equipment  of  the  reacted  cable  line  (disconnectors 
busbar/tire  BSh  and  linear  HI,  switch  V-6,  current  transformers  TT, 
reactor  R,  busbar,  insulators,  caole)  checks  against  short-circuit 
current  during  damage  after  reactor  at  point  K-9,  i.e.,  at  the  very 
beginning  of  the  cable  of  line,  and  on  the  tiae  of  action  of  relaying 
of  line  plus  the  tripping  tiae  of  the  switch  cf  line  [L.  3-6],  In 
this  case  necessary  is  the  use/appiication  of  a  reactor  with  the 
isolated/insulated  turns  and  fulfillment  the  busbars  of  the  section 
between  the  switch  and  the  reactor. 

Thus,  when  selecting  of  electrical  equipment  of  the  reacted 
cable  line  one  ought  not  to  assuae  the  possibility  of  short  circuit 
to  linear  reactor,  operating  experience  showed  that  as  a  result  of 
coaparatively  small  lengtn  of  section  fros  busbar/tire  disconnector 
to  reactor,  and  also  very  reliable  fulfillment  and  good 
aaintenance/ser vicing  the  short  circuits  in  this  section  little  were 
probable.  On  the  other  hand,  produced  by  Soviet  plants  concrete 
reactors  with  the  isol ated/insuiated  winding  are  very  reliable  and 
with  good  care  of  them  of  short  circuits  in  then  also  it  is  not. 

At  the  sane  time  the  selection  of  electrical  equipnent  of  linear 
branching  on  short-circuit  current  to  reactor,  to  the  numerically 
equal  to  short-circuit  current  on  the  collecting  mains  of  setting  up, 
would  lead  to  the  need  for  establishing  in  all  waste/exiting  lines 
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the  very  heavy  and  expensive  apparatuses,  calculated  for  very  large 
short-circuit  currents.  Tnis  solution  technically  and  economically  is 
not  justified. 

The  especially  critical  part  of  the  setting  up  are  its 
collecting  aains,  since  froa  the  reliability  cf  their  operation  to  a 
considerable  degree  depends  the  steadiness  of  the  work  of  an  entire 
setting  up.  Taking  into  account  tnis,  the  section  of  the  set  of  tires 
of  linear  branching  froa  collecting  aains  to  busbar/tire 
disconnector,  and  in  the  presence  of  the  shelves,  which  divide 
collecting  aains  and  busbar/tire  disconnectors  (Vol.  2,  chapter  8)  to 
wall  entrance  insulators  in  these  regiments  and  wall  entrance 
insulators  themselves  should  be  checked  on  short-circuit  current  on 
collecting  mains,  i.e.  ,  witnout  taking  into  account  the 
current- limiting  action  of  reactor,  and  on  the  tine  of  action  of 
relaying  of  the  busbars  of  setting  up. 

Of  shown  the  diagram  in  Fig.  21-1  distribution  point  in 
network/grid  10  kv  is  supplied  by  two  cable  lines  with  normally  off 
sectionalizing  switch  v-u;  therefore  entire  electrical  equipment  of 
point/item  must  be  checked  to  short-circuit  current,  flowing  into 
point  K- 10  or,  which  is  tne  same  thing,  into  point  K- 1 1  which  is 
somewhat  less  than  the  snort-circuit  current  at  point  K-9  due  to  the 
resistor/resistance  of  the  cable  of  line. 
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Page  329. 

The  duration  oC  short  circuit  is  determined  taking  into  account  the 
tiae  of  action  of  relaying  in  the  appropriate  circuit  of  distribution 
point. 


Let  us  exaaine  the  selection  of  calculation  points  at  voltage 
110  kv.  Collecting  aains  110  kV  and  electrical  equipment  in  the 
circuit  of  line  L-3  aust  be  checked  on  short-circuit  current  on 
collecting  aains  110  kV,  i.e.,  to  llowing  into  point  K-12  or,  which 
is  the  sane  thing,  into  point  K-13.  The  worse  conditions  will  be  upon 
start  of  both  transformers  r-x  and  T-3  and  both  lines  L-1  and  L-2. 

Electrical  equipaent  of  the  circuit  of  the  line  of 
coaaunications  with  system,  for  example  L-1,  aust  be  checked  on 
short-circuit  current,  flowing  into  point  K-14  from  the  station 
through  both  transformers  T-3  and  T-4,  also,  from  system  only  through 
another  line  of  coaaunications,  for  example  L-2,  i.e.,  into  the 
assumptions  that  the  line  L-1  on  the  side  of  system  is  disconnected 
by  switch  T-12.  Under  this  condition  through  the  switch  V- 1 1  and 
other  equipment  of  line  will  flow/ occur/last  the  greatest 
short-circuit  current. 
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Calculation  point  for  checmng  to  the  stability  of  electrical 
equipment  in  all  circuits  of  tae  side  110  kv  of  district  substation 
is  point  K-15.  Plowing  into  this  point  short-circuit  current  somewhat 
less  than  the  short-circuit  current  at  point  K-13  due  to  the 
resistor/resistance  of  line  L-J. 

Design  conditions  on  the  secondary  side  of  district  substation 
depend  on  the  normal  mode  of  sectionalizing  switch  V-13.  if  normally 
transformers  work  separately  (V-li  is  disconnected),  then  electrical 
equipment  in  the  circuit  of  transformer  and  collecting  mains  must  be 
checked  against  short-circuit  current,  flowing  into  point  K-16 
through  one  transformer  of  suostation. 

In  the  case  of  the  multiple  operation  of  transformers  T-4  and 
T-5  (V-13  is  normally  connected)  collecting  mains  must  be  checked 
against  short-circuit  current,  flowing  into  point  K-16  with  the 
multiple  operation  of  transformers,  and  electrical  equipment  1..  the 
secondary  circuit  of  transformer,  switch  V-14,  etc,  -  with  the 
separate  work  of  transformers,  i, e.,  with  off  V-13,  since  this 
node/conditions  of  short  circuit  for  the  equipment  of  transformer 
will  be  most  heavy. 
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If  the  waste/exiting  lines  of  substation  are  not  reacted,  then 
their  electrical  equipment  aust  be  checked  in  teres  of  the  sane 
values  of  short-circuit  currents,  as  the  collecting  eains  of 
secondary  voltage. 

On  design  conditions  for  reacted  of  lines  it  spoke  above 
(calculation  is  point  K— 17)  . 

Analogously  are  selected  design  conditions  also  for  other,  not 
examined  above  eleaents/cells  of  electrical  stations  and 
networks/grid  s. 

Checking  electrical  apparatuses  to  electrodynaeic  stability. 
Apparatus  is  considered  as  electrodynanically  stable,  if  with  the 
course  on  it  of  impact  short-circuit  current  in  it  it  is  not  observed 
any  residual  strains  of  the  parts,  which  block  its  further  exact 
work.  Furthermore,  aust  not  be  the  sticking  of  contacts. 

Electrodynaaic  stability  of  apparatuses  is  characterized  by 
aanufacturing  plants  by  naxiaally  let-go  current  (amplitude 

value),  called  also  the  current  of  electrodynaaic  stability  which 
aust  not  be  exceeded  under  any  operating  conditions  of  apparatus.  By 
the  greatest  possible  in  operation  current  is  impact  short-circuit 
current;  therefore  the  condition  for  the  electrodynaaic  stability  of 
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apparatus  it  is: 

where  (***  -  a  calculated  inpact  current  of  three-phase  short  circuit 
in  the  circuit,  for  which  is  selected  the  apparatus. 

To  electrodynaaic  stability  it  is  possible  not  to  check  the 
apparatuses,  shielded  by  safety  fuses  with  rated  current  to  60  A 
inclusively,  but  by  the  current-limiting  safety  devices/fuses 
(chapter  14)  with  any  rated  current  of  then  [  L.  3-6]. 

Checking  apparatuses  to  thermal  resistance.  Thermostable  is  that 
apparatus  whose  all  parts  with  the  course  on  them  of  short-circuit 
current  are  not  heated  above  estanlished/installed  by  norms  maximum 
short-term  temperature. 

The  thermal  resistance  of  apparatuses  is  characterized  by  plants 
by  the  current  of  thermal  resistance  /,.  i.e.  by  such  current  which 
during  to  preset  tine  t  (usually  1;  5  or  10s)  heats  all  parts  of  the 
apparatus  not  higher  than  estanlished/installed  for  it  by  norms 
maximally  permissible  short-term  temperature. 

Page  330. 

Checking  apparatus  to  thermal  resistance  consists  in  the 
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comparison  of  that  pernissible  quantity  of  haat  Qv,„.  which  can  ba 
short-tars  isolated  in  apparatus  without  the  fear  of  its  destruction, 
with  that  quantity  of  heat  Qk„p<  which  is  separated/liberated  in 
actuality  by  short-circuit  current  for  the  tine  of  its  course,  i.e. 

QaOII  53  ^KUl>- 

On  the  other  hand. 

Key:  (1).  and. 

Hence  the  condition  for  thernal  resistance  can  be  written  thus: 

[Ka*{-ceK).  (21-5) 

Key:  (1).  kA*«s. 

To  thernal  resistance  it  is  possible  not  to  check  the 
apparatuses,  shielded  by  safety  fuses,  independent  of  their  type  and 
rated  current. 

21-3.  Selection  of  the  separate  types  of  electrical  apparatuses. 

Safety  fuses  select  ou;  1)  to  the  nominal  voltage;  2)  to  the 
rated  current;  3)  to  the  Kind  or  setting  up  (external  or  internal) ; 

4)  to  the  design;  5)  to  tne  aaxiaun  disconnected  current  (naxinun 
disconnected  power) . 
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Safety  devices/fuses  with  the  filling  with  quartz  sand  can  be 
utilized  only  in  net works/grids  with  the  noainal  voltage,  which 
corresponds  to  the  noainal  voltage  of  the  safety  device/fuse  (it  is 
not  possible,  for  example,  safety  device/fuse  on  10  kv  to  apply  in 
netaorks/grids  6  kV)  . 

The  aaxinua  disconnected  current  of  safety  fuse  with  this 

voltage  is  called  the  great  value  of  the  short-circuit  current  of 
network/grid,  with  whicn  is  guaranteed  the  reliable  work  of  safety 
device/fuse. 

The  high  speed  (current-liaiting)  safety  fuses  with  quartz 
filling,  etc,  not  only  considerably  limit  short-circuit  current,  but 
because  of  the  high  effective  resistance  of  arc  increase  costk. 
drawing  it  nearer  unity.  Therefore  when  selecting  of  such  safety 
devices/fuses  it  is  possible  not  to  consider  aperiodic  component/term 
of  short-circuit  current  and  to  proceed  from  the  condition: 


>/' ,(J) 

(21-6) 

(21 -6a) 

4  •  1  1  u  4a  a  el  1  a/4  A  Wn  &  1  4  b  L  At.  _  _  _  .1  _ _ 


Switches  by  voltage  of  up  to  1000V  select  on:  1)  to  the  nominal 
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voltage;  2)  to  the  rated  current;  J)  to  a  nuafcer  of  poles;  4)  to 
design  (with  central  handle  or  rigging,  with  the  connection  of  wires 
free  the  front  or  froa  behind,  on  insulating  plate/slab  or  without 
plate/slab,  etc.).  In  catalogs  are  given  the  indications,  what 
operating  currents  can  disconnect  the  switches  of  different  types  and 
design. 

Autoaata  additionally  are  selected  on:  1)  the  kind  of  current 
(for  the  settings  up  of  direct  or  alternating  current) ;  2)  to 
necessary  ranges  of  adjustaent  of  current  and  tripping  tine,  if  the 
latter  is  provided  for;  J)  to  the  aaxinua  disconnected  current. 

when  selecting  of  automata  on  the  maxiaua  disconnected  current 
aust  be  observed  the  condition  £  L.  3-6]: 

for  the  high  speed  autoaata  with  the  tine  of  action  0.02  s  and 

less 

/  (21-7) 

where  -  the  effective  value  of  the  current  of  three-phase  short 
circuit  daring  the  first  period  (see  §  6-5)  ; 

for  autoaata  with  action  tine  it  is  aore  than  0.02  s 

The  autoaata,  selected  on  the  aaxiauo  disconnected  current,  can 
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be  considered  electrod ynanically  and  thernostable  during  short 
circuits. 

Disconnectors  are  selected  on:  1)  to  the  rated  current;  2)  to 
the  noninal  voltage;  3}  to  the  hind  of  the  setting  up;  4)  to  design, 
and  then  they  check  against  electrodynanic  and  theraal  resistance. 

Switches  by  voltage  aoove  1000V  select  on:  1)  to  the  noninal 
voltage;  2)  to  the  rated  current;  3)  to  the  kind  of  the  setting  up; 
4)  to  the  design;  5)  to  the  disconnected  current  or  the  disconnected 

power. 

Page  331. 

The  disconnecting  ability  of  switches  by  voltage  above  1000V  is 
characterized  with  the  noninal  voltage  of  switch  by  its  noninal 
disconnected  current  lur*.„0»  or  by  noninal  disconnected  power  S0TkliOV|' 
(see  §  17-1),  and  with  the  voltage,  different  fron  the  noninal 
voltage  of  switch,  by  disconnected  current  SnTI(  or  by  disconnected 
power  SOTk.  which  are  given  in  catalogs  to  switches  or  in  reference 
tables  (Cable  P-14). 

The  real  current  which  disconnects  switch  during  short  circuit, 
define  as  the  effective  value  ot  the  current  of  circuit  at 
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noaent/torque  the  beginnings  of  the  disagreeeent  of  the  arcing 
contacts  of  switch.  Therefore  in  general  when  selecting  of  switch 
according  to  the  disconnecting  ability  it  is  necessary  to  observe  the 
condition  so  that  the  current  of  the  cutoff/disconnection  of  switch 
/OTK  with  this  voltage  of  setting  up  would  not  be  the  less  effective 
value  of  the  short-circuit  current  of  the  circuit  *./•  of  the  referred 
to  aoaent/torque  disagreeaent  of  the  arcing  contacts  of  the  switch: 

(21-8) 

Bstisated  tine  t,  eguai  to  tine  with  the  noaent/torque  of  the 
onset  of  short  circuit  to  the  noaent/torque  of  disagreeing  the 
contacts  of  switch,  is  deterained  by  the  tine  of  action  of  relaying 
and  by  the  proper  tine  of  tne  action  of  switch  tclt  (§  17-1): 

*  =  +  *c.»- 

Tine  t„n  depends  on  the  type  of  the  used  protection;  for 
conteaporary  high  speed  relayings  tuul~ 0.02  —  0,05  s. 

The  proper  tine  of  the  action  of  the  majority  at  present  of  the 
high-voltage  switches  used  is  *,..  =  0.04-  0.12  s. 

Short-circuit  current  /K<  is  deterained  by  calculated  curves 
(Pig.  6-25,  6-26).  If  t>0.1  s,  then  aperiodic  coaponent/tera  of 
short-circuit  current  is  possiole  not  to  consider  and  to  accept 
*u=  *„/•  where  l„,  -  periodic  coaponent/tera  of  short-circuit  current, 
deterained  according  to  calculated  curve  for  tine  t. 
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Bat  if  t^O. 1  s,  then  they  consider  both  coiponents  of 
short-circuit  current  and  deteraine  by  foraula  (6-37),  after 
deteraining  preliaiaarily  /„,  oy  calculated  curves,  and  «*  -  according 
to  foraula  (6-31) . 

In  our  designed  practice  when  selecting  of  switches  according  to 
the  disconnecting  ability  accept  to  proceed  from  the  condition  that 
the  circuit  is  equipped  with  relaying  with  niniaua  action  tine.  Then, 
taking  into  account  the  characteristics  of  switches  by  voltage  above 
1000?,  manufactured  at  present  with  Soviet  plants,  accept  t=0.  1  s, 
i.e.,  they  proceed  from  disruption  by  the  switch  of  current 
which  can  be  determined,  oeing  guided  by  formula  (6-37) : 

Ad-0.1  =  • 

Computations  show  that  with  sufficient  accuracy  it  is  possible 
to  accept 

Then  when  selecting  of  switch  according  to  the  disconnecting 
ability  must  be  observed  is  the  condition: 

(21-9) 

The  same  recommendation  give  POE  [  1..  3-6]. 


If  switch  is  selected  by  the  disconnected  power,  then  should  be 
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observed  the  condition: 

Sor«>5''-  (21l°) 

Current  or  I"  and  power  S"  should  be  deterained  during 
three-phase  short  circuit. 

The  selected  switch  is  cnecked  against  electrodynamic  and 
thersal  resistance. 

Drives  to  switches  are  selected  on  catalogs  to  the  switches  in 
which  the  aanuf actur ing  plants  give  indications  about  the  recommended 
types  of  drives  (“fables  P-14  and  p-16)  . 

It  is  necessary  to  consider  advantages  and  disadvantages  in 
different  types  of  drives  (chapter  18),  and  also  hind  of  current  and 
source  power  of  the  operational  current  which  to  assumed  utilize  for 
the  feed  of  drives. 

Transformers  of  current  select  on:  1)  to  the  nominal  voltage;  2) 
to  the  nominal  primary  current;  J)  to  nominal  secondary  current  (if 
j()  I  **)  to  the  kind  of  tue  setting  up;  5)  the 
construction/design;  6)  to  the  class  of  precision  and  to  burden. 

For  determining  burden  of  current  transformer  preliminarily 
compose  trilinear  diagram  the  connections  to  them  of  measuring 
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meters. 

Page  332. 

Depending  on  type  and  designation/pur  pose  of  instruments  they 
install,  in  what  class  of  precision  must  work  current  transformers. 
Then  on  catalogs  to  electric  measuring  instruments  (Cable  P-19)  is 
found  the  resistor/resistance  of  tne  consecutive  coils  of 
instruments,  connected  to  current  transformers,  and  according  to 
formula  (19-2)  they  determine  burden  of  most  loaded  current 
transformer. 

Inductive  reactance  of  tne  consecutive  coils  of  measuring  meters 
and  jumpers  is  insignificant  and  it  it  is  possible  not  to  consider, 
then: 

—  i>llpH0  -f  r„p-,„  +  rK0„r  (21-11)- 

where  £rnpil6  -  total  effective  resistance  of  the  consecutive  coils  of 
the  instruments; 

rnPoH-  the  effective  resistance  of  the  coupling  drives; 

r«oMT  -  resistor/resistance  of  all  contacts  of  circuit. 


If  on  the  consecutive  coils  of  measuring  meters  is  known  the 
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required  by  thee  power,  then,  without  taking  into  account  inductive 
reactance  of  instruments  and  wires,  it  is  possible  to  deternine  the 
power,  consumed  in  the  secondary  circuit  of  current  transformer: 

S,  =t  =  SSBp((6 -j- /j  ^  rup0# -|- 

+  ^wn/KOHT  (21-12) 

So  that  current  transformer  would  work  in  the  selected  class  of 
precision,  it  is  necessary  to  observe  the  condition: 

2Juo->2.  (21-13) 

Key:  ( 1)  .  or. 


where  ^2  HOM  *®d  5j110M  -  respectively  nominal  load  or  nominal  power  of 

current  transformer  with  its  work  in  that  class  of  precision  which  is 
necessary  for  the  adjustable  instruments. 


Contact  resistance  ri«.HT  they  take  as  the  usually  equal  to  0.1 

ohms. 


Por  determining  the  section  of  jumpers  they  enter  as  follows.  Is 
determined  burden  of  mcst  loaded  current  transformer  without  taking 
into  account  jumpers,  i.e. 

“^■PKS  ^kOUT  ~\~  1 1no»r *ont 

Key:  (1)  .  or. 


and  then  is  found  the  maximum  possible  resistor/resistance  of  jumpers 
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during  which  current  transformer  wj.11  work  in  the  class  of  the 
precision  accepted: 


^Upo,  '  *2  *OM 


■  (S,,npii6  +  rK 


or 


r _ =  • 


52iiom 


j"  ^ 


1  2iio* 


(21-14) 


Section  of  the  wires 

l 

s  =  — 77 - • 

I  'flpOB 

Accept  near  larger  standard  section,  but  according  to  the 
condition  of  B9chanical  strength  not  less  than  1.5  ns*  with  wires  or 
cables  with  copper  veins/strands  even  2.5  mm*  -  with  aluminum 
veins /strands  [1.  19-2],  ana  when,  among  the  connected  instruments, 
counter  is  present,  it  is  not  respectively  less  than  2.5  and  4  mm* 

[L.  3-6],  Specific  conductivity  with  copper  veins/strands  they  accept 
53  m/Q»mm*,  and  with  aluminum  strands  1  32  m/Q^mm*. 


FOOT If OTB  *.  On  electrical  stations  and  substations  in  power  with 
respect  to  5  HH  and  5  H  V  A  and  more  should  be  applied  control  cables 
with  copper  veins/strands.  in  other  installations  it  is  possible  to 
apply  cables  and  wires  with  aluminum  veins/strands,  but  when  all 
apparatuses,  instruments  and  setting  terminals/grippers  are  equipped 
with  the  contacts,  intended  for  the  direct  connection  of  aluminum 
strands  [  L.  19-2],  en  d  footnote. 
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Bitb  one  current  transforaer  under  the  length  of  wires  l  should 
be  understood  the  length  of  straight/direct  and  return  conductor 
2/i  (Pig-  19-3a)  .  with  the  connection  of  three  current  transforaers 
into  star  (Fig.  19-3 b) ,  when  in  neutral  conductor  no  current  there 
is,  take  length  wires  one-way  trip  l—li-  If  two  current  transforaers 
are  connected  into  incoaplete  scar  (Fig.  19.3c),  then  in  return 
conductor  flows/occurs/lasts  the  current,  out  of  phase  angle  of  60° 
froa  current  in  go  conductor.  Because  of  this  the  vectors  of  a 
voltage  drop  in  straight/direct  and  return  conductor  are  shifted  also 
angle  of  60°.  Hence  the  power,  lost  in  the  juapers: 


^apo,  — 


_ ,/o  .  iJ  _ ft 

—  V  “  rnooe  2  non  -j#  * 


* Jhom  ' 


Consequently,  with  the  connection  of  current  transforaers  into 
incoaplete  star  it  is  necessary  to  accept  /  =  V$lv 


Selected  current  transformer  is  checked  against  electrodynaaic 


and  theraal  resistance  during  short  circuit. 
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Page  333. 

The  electrodynaaic  stability  of  current  transf omers  they 
characterize  by  the  electrodynaaic  aultiplicity ,  equal  to  the 
relation  of  the  aaxiaua  let-go  current  to  the  aaplitude  of  the 
prinary  rated  current: 

»»  *MAK>‘ 

1/  ')  I 
W  ~  Ih-IM 

Being  guided  by  general  condition  (21-4)  for  the  electrodynaaic 
stability  of  apparatuses,  we  can  write  the  following  condition  for 
the  electrodynaaic  stability  of  current  transforaer: 

With  the  course  of  iapact  short-circuit  current  on  the  cap/hood 
of  the  insulator  of  current  transforaer  operates  the  force,  caused  by 
interaction  of  currents  in  the  connected  to  it  busbars  and  which 
depends  on  the  distance  between  phases  a  and  distances  c  froa  the 
cap/hood  of  the  insulator  of  current  transforaer  to  the  nearest 
stand-off  insulator.  Being  guided  ny  the  indications  of  §7-1  and 
§9  -5,  this  force  can  be  deterained  by  the  foraula: 

^.e,  =  °.5  l°-*  (21-16) 


Key:  (1).  kgf 
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where  coefficient  of  0.5  considers  the  distribution  of  the  force  of 
interaction  at  the  length  of  busbars  Z  between  the  cap/hood  of 
current  transformer  and  nearest  to  it  stand-off  insulator  (<y  in  kA). 

The  obtained  effort/force  aust  not  exceed  the  aechanical  load, 
peraitted  on  the  cap/hood  of  the  insulator  of  current  transforner  (it 
is  indicated  in  catalogs,  see  also  Table  P-17). 

Por  soae  current  transforaers  (for  exaaple,  for  passage 
single-tarns  transformer  of  tne  type  TPOF)  the  pernissible  aechanical 
load  on  insulator  is  not  indicated,  but  the  multiplicity  of  dynamic 
stability  Knllll  is  assigned  for  the  specific  values  of  a  and  Z 
busbar/tire  construction/design,  if  the  sizes/dinensions  of 
busbar/tire  construction/design  differ  from  those  accepted  in 
catalog,  then  with  respect  must  be  changed  the  multiplicity  of  the 
dynamic  stability  of  current  transforner  (see  note  by  5  to  Table 
P-17)  . 


The  theraal  resistance  of  current  transforner  they  characterize 
by  referred  to  certain  tine  multiplicity  of  the  theraal  resistance, 
equal  to  the  ratio  of  the  current  of  theraal  resistance  for  to  preset 
time  t  to  primary  the  rated  current  of  current  transforner: 


K,  —  y 


i, 


Imou 


Being  guided  by  general  condition  (21-5)  for  the  theraal 
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resistance  of  apparatuses,  we  can  write  the  following  condition  for 
the  theraal  resistance  of  current  transforaer: 

(21-17) 

In  the  aajority  of  the  cases  the  aultiplicity  of  the  theraal 
resistance  of  current  transforaers  is  given  referred  to  tiae  t-1  s. 

The  priaary  winding  of  busbar/tire  current  transforaer  is  the 
busbar  of  distributor  wnicn  is  checked  against  theraal  resistance 
when  selecting  of  the  busoars  of  the  corresponding  circuit.  Therefore 
the  aultiplicity  of  the  theraal  resistance  of  busbar/tire  current 
transforaer  characterizes  the  theraal  resistance  of  its  secondary 
winding. 

Voltage  transformers  select  on:  1)  to  the  nominal  voltage;  2)  to 
the  kind  of  the  installation;  i)  the  construction/design;  4)  to  the 
class  of  the  precision;  5)  to  burden. 

They  preliminarily  compose  the  trilinear  circuit  diagram  of 
instruaents  and  relay  which  will  be  supplied  froa  voltage 
transforaer.  Depending  on  type  and  designation/purpose  of  instruaents 
they  install,  in  what  class  of  precision  aust  work  voltage 
transforaer. 

Then,  being  guided  by  conditions  1-4,  is  selected  through 
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catalog  the  type  of  voltage  transformer  and  they  find  its  nominal 
P°*«  ia  th«  class  of  precision  (Table  P-18)  accepted. 

After  selecting  through  catalogs  the  types  of  measuring  meters 
and  relay*  they  find,  what  power  Snpil6  (7A)  consume  their  parallel 
coils  and  are  such  their  factors  of  power  cos<pnpiia.  Then  determine  the 
total  load  of  voltage  transformer  or  group  of  single-phases 
transformer  the  voltages: 

<2ll8> 

where 

and 

EQ,,l,«a  =  s(5„p.«sin<Popll0) 

-  total  with  respect  active  and  reactive  power,  consumed  by  all 
parallel  coils  of  instruments  and  relay. 

Page  334. 

Obtained  burden  must  not  exceed  the  nominal  power  of  transformer  of 
voltage  in  the  class  of  precision  accepted,  i.e., 

S^S,.  (2M9) 

If  voltage  transformer  supplies  the  receivers  of  electric  power 
for  which  does  not  have  a  value  magnitude  of  error,  then  are  observed 
the  condition: 


(21-20) 
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where  -  the  maximum  permissible  power  of  voltage  transformer. 

In  the  case  of  the  group  of  single- phases  transformer  of  voltage 
by  Sikm  end  SMSKC  It  Is  necessary  to  understand  the  total  power  of  the 
transformers  of  group. 

Since  the  phases  of  voltage  transformer  can  be  loaded 
differently*  then  more  precise  is  the  determination  of  the  load  of 
one  phase  and  its  comparison  with  the  nominal  power  of  one  phase  of 
voltage  transformer  in  the  class  of  precision  £l3-1]  accepted. 

Section  of  strands  of  wires  and  cables,  connecting  the 
transformers  of  voltage  with  measuring  meters,  one  should  select  from 
the  condition  so  that  the  loss  of  voltage  in  circuit  from  voltage 
transformer  to  instruments  would  not  exceed  3o/o  of  nominal  voltage, 
and  in  the  presence  of  calculated  counter  -  not  more  than  0.5o/o,  in 
this  case  according  to  the  condition  of  mechanical  strength  section 
of  strands  of  vires  and  cables  must  be  not  less:  copper  1.5  am*, 
aluminum  2.5  mm*  [3-6  and  19-2  j. 


Toltage  transformers  and  established/insta lied  in  their  circuit 
electrical  equipment  to  the  action  of  short-circuit  currents  do  not 
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check. 

21-4.  Example  21-1.  Selection  of  electrical  apparatuses. 

At  the  station  whose  diagram  is  given  in  Pig.  21-1,  to  select 
and  to  check  to  stability  during  the  short  circuit:  switch  and 
disconnector  of  generator,  switch,  disconnectors  and  current 
transformers  in  the  circuit  of  the  waste/exiting  cable  line  10  kv  and 
voltage  transformer  in  the  first  section  of  the  collecting  mains  of 
station. 

Station  works  in  parallel  witn  power  system.  Inductive  reactance 
of  system  to  the  busbars  110  kV  of  station,  in  reference  to  the 
nominal  power  of  system  sCJ10„  =600  HVA,  comprises  *.c  =  o.7. 

The  turbogenerators  of  station  G-1  and  G-2;  sr *=»  3 1 . 2 4  HVA 
=  0,132.  UtMOU  -  io.5  kV,  are  equipped  A  BY. 

Raising  transformers  T-2  and  I”  3  Z  ^T-NOX  =  20  HVA,  io,5%,  are 
normally  connected  both  transformers. 

Prom  each  section  of  the  collecting  mains  of  station  they  will 
move  away  eight  lines  with  normal  load  3  HVA  each.  Under  emergency 
conditions  the  maximum  constant  load  of  lines  is  6  HVA. 
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For  the  feed  of  their  own  needs  are  established/installed  three 
transformers. 

As  it  is  dismantled/selecred  into  §21-2,  the  calculation  point 
of  short  circuit  for  the  selection  of  electrical  equipment  of 
generator  is  point  K-1,  and  for  the  selection  of  electrical  equipment 
of  the  waste/exiting  line  -  a  point  K-9. 

Values  of  short-circuit  current,  which  flows  into  point  K-1: 

/"t3)  -=  +  /"<3>  =  13  +  14,5  =  27.5  *d; 

(d 

if=  1.9.  j/  2- 13  +1.8  }/  2.14.5  =  72  Ka\ 

S"‘3»~  500  M$a;  /<*>=  20  ka;  /£>=  19,5  ka. 

Key:  (1)  .  kA. 

Values  of  short-circuit  current,  which  flows  into  point  K-9  from 
G-1,  G-2  and  system  /«  — l"(1>  -=/(3)=84  kA;  /<y3>=  22  k A ;  5, •=  SM—  153  BVA. 

Fundamental  relaying  of  generator  is  the  differential  protection 
the  time  of  action  of  whica  let  us  take  as  equal  to  0.1  s.  The 
waste/exiting  cable  lines  are  equipped  with  the  protection  of  the 
maximum  current  in  the  course  of  time  of  action,  equal  to  2  s. 
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Oa  generators  and  waste/exiting  lines  we  intend  to 
establish/install  oil  breakers  vita  snail  space  of  oils  the  tripping 
tine  of  which  let  us  accept  <,-0.2  s. 

Let  us  assune  that  on  eacn  waste/exiting  line  are 
established/installed  one  aaaeter  and  counter,  and  also  relaying  of 
aaxiaun  current  in  two  phases,  performed  by  electronagnetic  overload 
relays.  On  the  side  10  kV  of  each  transformer  of  its  own  needs  are 
established/installed  the  aaaeter,  wattmeter  and  counter. 

In  each  section  of  collecting  nains  are  established/installed 
arrow  and  that  records  voltaeters  for  the  control/checking  of  voltage 
on  busbars,  arrow  and  that  records  frequency  neters  for  the 
inspection  of  frequency  and  three  voltmeters  for  the  inspection  of 
insulation  state. 

The  column  of  synchronization  consists  of  synchroscope,  two 
voltaeters  and  two  frequency  meters. 

Voltage  transformer,  established/installed  in  the  section  of 
collecting  aains,  is  intended  for  the  feed  of  the  parallel  coils  of 
the  measuring  neters  of  collecting  aains,  waste/exiting  lines  and 
transforaers  of  its  own  needs.  From  it  are  supplied  the  instruments 
of  synchronization  with  the  synchronization  of  generator  of 
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collecting  aains. 

Entire  electrical  equipment  or  generator  voltage  is  placed  in 
the  closed  distributor,  with  respect  to  what  it  aust  be  selected  for 
internal  installation. 


Apparatuses  in  the  circuit  of  generator.  The  greatest  let-go 
current  of  generator  is  deterained  vhen  the  voltage  of  the  generator 
is  lowered/reduced  by  5o/o: 


31  250 

;«  «««  “ /3- 10  “  '  6 

Generator  switch  (V-1) .  Duration  of  the  course  of  current 
'-WH. -o.i  +  W-W  a. 


Page  335. 


Since  then  in  thermal  sense  is  lore  dangerous  the  current 
of  three-phase  short  circuit,  we  determine  the  fictitious  tine  talcing 
into  account  aperiodic  coaponent/tero  of  short-circuit  current,  since 
t<1  s. 

On  curves  in  Pig.  7-6  when  -27.5/20=1/37  and  t=0. 3  s  we  find 
o,4  a.  According  to  formula  (7-12)  *0.05*1 .37*—0. 09  s. 


Then  4-  0,4^0,09  =  0.5  8 
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In  the  following  table  we  extract  all  calculation  data, 
necessary  for  the  selection  of  switch.  Being  guided  by  these  data  and 
using  Table  P-14,  we  select  an  orl  breaker  of  the  type  NGG-10,  the 
parameters  which  we  enter  in  the  sane  table.  Coaparison  calculated 
values  with  the  paraaeters  of  switch  shows  that  all  necessary 
conditions  are  satisfied  and  switch  is  selected  correctly. 


f  ^  PacioTiiue  .'la mi ue 

( J)Uap«M«Tpb<  BMkJito'iaTeJia 

THna  Mrr-io 

^ycr.  iiou 

10  Kl 

^HOM 

10  «<3) 

l U.  M a KC 

1,6  tea 

2  ka M) 

/ " 

21. 5  ko 

^OTK.  HUM 

29  i 

S" 

bOO  Mta 

^UTK.  IIOM 

60} 

‘y 

72  ia 

^MOKC 

75  kaQ, 

‘1‘* 

20*  0.5-  /<T 
-  200  Ka'  cet* 

10 

JOCCK 

21*- 10-  (fe> 

—  4  410  k a%  cktt 

Key:  (1).  Calculation  data.  (2).  Paraaeters  of  switch  of  type  NGG-10. 
(3).  kf.  (4).  kA.  (5).  N VA.  (6).  kA2*s. 

Por  control  of  switch  we  select  elect ronagnetic  actuator  of  the 
type  PE-2  (Fables  P-14  and  P-16). 

The  disconnector  of  generator  (3-1)  aust  be  selected  according 
to  the  saae  calculation  data,  as  switch,  eliainating  condition  for 
the  selecting  according  to  the  disconnecting  ability.  On  Table  P-13 
we  select  tripolar  disconnector  for  internal  installations  of  the 
type  RL7-I1I- 10/2000  whose  paraaeters,  as  is  evident  froa  the 
forthcoming  table,  they  completely  correspond  to  design  conditions. 
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^'^PacscTHwe  juimue 

(^VlapaMeTpij  pua-beJiRiiiiTeji* 

th««  IVZ!MiM0/23O(j 

^>*ct.  HOit 
M3  KC 

** 

10  *a 

1.8  A TO 

72  4-0 

ft 

20,-0.5— 200  ra‘*ce* 

^ItOM 

^HOM 

^MIKC 

j  yiu  «*«> 

10  r* 

2*a>) 
80,5  ro  J 

30**  10=13000  at  a*cex 

Key:  (1).  Calculation  data.  (2).  Parameters  of  disconnector  of  type. 
(3)  .  kV.  (4)  .  kA.  (5).  kA2*s. 


Por  control  of  disconnector  we  select  nanual  rigging  of  the  type 
P8-31 . 


Apparatuses  in  the  circuit  of  the  waste/exiting  cable  line  10 

kV.  Maximus  prolonged  current  of  the  load  of  the  line 

6000 

M.KC  “  y  3  ,0  “■  3<6  a. 

Switch  of  line  (V-b) .  Duration  of  the  course  of  short-circuit 
current  t=2*0.2=2.2  s.  Since  tne  point  of  short  circuit  K-9  distant, 
then  s  (aperiodic  coaponent/tern  we  do  not  consider)  . 

Me  extract  into  table  calculation  data  and  on  Table  P-14  we 
select  the  type  of  switch.  Proa  oil  breakers  with  snail  space  of  oil 
nost  corresponds  to  design  conditions  the  switch  of  the  type 
▼HG-133-I  whose  paraneters  we  compare  in  the  sane  table  with 


calculation  data 
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( *\  PaoteriiMc  Aaiuiue 

rUoaMerpM  fiuic.iin'iaTtA* 

.  thii*  BMf-133-l 

yCT.  HOM 

10  rt(j) 

^HOW 

10  m(3N 

600  o(u^ 

11.6 

*M.  W4KC 

346  a(S) 

*IIOM 

'* 

8.4 

^OTK .  HOM 

'r 

153 

22  , 

('ll 

$OTK.  HO* 
^AiakC 

200  > 

52 

8. 2.2~  155  ta'  ctt 

^10  «r*® 

IO-10— 2  000  k-a'  ecu 

Key:  (1) .  Calculation  data.  (2) .  Parameters  of  switch  of  type.  (3) . 
kV.  (4).  A.  (5).  kA.  (6).  MV  A.  (7).  kA2*s. 


For  control  of  switch  we  select  electromagnetic  actuator  of  the 
type  PS- 10. 

The  busbar/tire  (RSh)  and  linear  (RL)  disconnectors  of  line  Bust 
satisfy  the  sane  design  conditions  as  the  switch  of  line.  On  Table 
P-13  we  select  tripolar  disconnectors  busbar/tire  of  the  type 
RV— 10/400  and  linear  of  the  type  HVZ-10/400  {with  the  grounding 
knives)^  the  parameters  which  we  enter  in  design  schedule.  All 
parameters  of  disconnectors  satisfy  design  conditions. 


( A  ptcieTHhie  AMHHue 

^^nipaMeTphi  pas’hf  jzhhhtc* 
aefl  T«noB  PB*  10/430  h 

PB  3- 10/403 

WyCT.  HOM 

10  n(3\ 

^MOM 

10 

J M.  M a KC 

310  a  |t|\ 

*HOM 

400  a  (S' 

•y 

22  ,a  p 

M*-2. 2*156  xtf  ct* 

^MAKC 
/?0  C9K10 

»  koQ: 

10*  •  10—1  0tXTr£ia«crr 

Key:  (1).  Calculation  data.  (2).  Parameters  of  disconnectors  of  types 
HT 1/400  and  RVZ-10/400.  (i)  .  k?.  (4).  A.  (5).  KA.  (6).  kA2*s. 


Por  control  of  disconnectors  we  select  aanual  lever  drives  of 


Current  transf oriers.  The  design  conditions  the  sane  as  for  the 
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Pig.  21-2.  Scheaatic  of  the  connection  of  instruaents  and  relay  to 
current  transf oraers ,  connected  into  incoaplete  star. 


Page  336. 

Counters  on  the  waste/exiting  lines  of  generator  voltage  belong 
to  the  group  of  calculations  (£19-1);  therefore  Bust  be  connected  up 
then  the  core  coils  of  current  transf orners,  which  work  in  the  class 
of  precision  0.5.  Relaying  ot  aaxiaun  current  can  be  supplied  froa 
windings  of  cores,  which  work  in  the  class  of  precision  3 
(supposedly) . 

Being  guided  by  these  conditions,  and  also  knowing  the  noainal 
voltage  of  installation  and  the  current  of  the  peak  load  of  line,  on 
appendix  P-17  we  plan  the  type  of  current  transf orner. 
Adequate/approaching  is  passage  nultiturn  current  transforaer  of  the 
type  TPF 10-0. 5/3-400  on  400  A  and  10  k?  with  porcelain  insulation  and 
two  cores.  Roninal  secondary  power  of  the  core  of  class  o,5 <5  ft, 
and  the  core  of  class  3  s_,  1(O„-30  ?A. 
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Power,  consumed  by  consecutive  by  the  coils  of  measuring  meters 
(Eable  P-19) : 


{ A  HaiiMeiioBaHiit*  upitOopa 

(P\ 

'  1  Mil 

|  (3^llarpy»K«.  ta 

A  1 

^>831  C 

^^AMncp.Meip  sjiCKTpOMarmiT- 

Huii . 

((,\CieTqiiK  rpex<}>a3iiijf!  niiAyK- 
UliulIHUH . 

3A-2 

HT 

1,73 

0,525 

0,525 

("i\  Mroro  .  . 

2,255 

0,525 

Key:  (1).  Designation  of  instrument.  (2).  Type.  (3).  Load,  va.  (4). 
phase.  (5).  Ammeter  (electromagnetic).  (6).  Counter  three-phase 
induction.  (7).  Altogetaer. 


Is  most  loaded  current  transformer  of  phase  A.  He  determine  the 
power  which  can  be  lost  in  coupling  cable  from  current  transformers 
to  the  measuring  meters  (counting  for  the  consecutive  coils  of 
instruments  cos*  =  1)  ,  accepting  /J1M>„=*So  and  'KOi.r-o.i  ohm: 

■^npot 5=3  mom  —  (s5rip.e  HOM  ^KOHT  ) 

=  15  —  (2,255  +  5*  -  0, 1 )  s=  10,24  »o. 

Key:  (1).  VA. 


Permissible  resistor/resistance  of  the  wires 


'  upo. 


10,24 

"~W 


■■  0,41 


(•' 

OH. 
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Key:  (1).  oha. 

le  assuae  that  the  measuring  aeters  and  relay  will  be 
established/installed  in  the  corridor  of  the  control  of  distributor 
on  the  wall  of  the  corresponding  cell.  Then  the  length  of  the 
connecting  drive  froa  transformer  of  current  to  aeasuring  aeters  is 
approxiaately/exeaplarily  4  a  (one-way  trip).  With  the  connection  of 
current  transforaers  into  incomplete  star  the  section  of  juapers  aust 
be  not  less: 

Vi  I,  1^3.4 

53  0^1“  0>32  **'■ 

According  to  the  condition  or  aechanical  strength  should  be 
accepted  the  section  of  wires  2.5  am* . 

The  transformer  core  of  current  for  relaying  is  selected  during 
development  by  the  latter. 


Let  us  accept  the  distance  between  the  busbars  of  different 
phases  a- 4 00  aa  and  distance  from  the  ca  p/hcod  of  the  insulator  of 
current  transforaer  to  nearest  supporting/reference  insulation  £ 
*600.  Then  the  effort/force*  which  operates  on  the  cap/hood  of  the 
insulator  of  current  transforaer,  according  tc  formula  (21-16) 
coapr  ises: 


'  pace 


05- 1.70.22*  ^.t0-*s 


(,) 

*r. 


Key:  (1)  .  fcgf 
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In  the  following  table  we  compare  calculation  data  with  the 
parameters  of  current  transforeer. 


Pacwnut  jt.HMue 

ra - 

V  n«p.H.TpU  TDlMCAOpUaTOIX 

to*,  this  rri«io-o,vi.vin 

^ycr.  how 

10 

Uhou 

10 

400  <S> 
165VT0.4.93 

MSKC 

b 

S46  a  W 

22  ra  ^ 

,uou 

^Amh'^1  non 

'l  '4> 

8,4*. 2.2*  (\ 

*  165  Ka'-c**** 

6  "6> 

Wih  aoM*** 
rWi 

(75  0.4>M=  Sn 
-000  ra‘  ceAS> 
ISO  a  75  «r£h> 

Kef:  (1).  Calculation  data.  (2).  Parameters  of  current  transformer 
type.  (3).  kV.  (4).  A.  (5).  JcA.  (6).  kAz*S.  (7).  kgf. 

Voltage  transformer  on  collecting  mains.  Since  voltage 
transformer  is  intended  for  the  feed  of  the  parallel  coils  of 
measuring  meters  and  for  the  inspection  of  insulation  state,  then  we 
select  three-phase  five-rod  voltage  transformer  of  the  type  NTHI-10 
on  primary  voltage  10  kv  and  secondary  voltage  100  V  (Table  P-18).  To 
voltage  transformer  are  connected  the  counters;  therefore  it  must 
work  in  class  0.5.  Pernissiole  load  in  this  class  smom-120  va.  The 
schematic  diagram  of  the  connection  of  the  parallel  coils  of 
instruments  to  voltage  transformer  is  shown  in  Pig.  21-3. 

Burden  we  determine  in  the  following  table  (instruments  of 
synchronization  we  do  not  consider). 
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Pig.  21-3.  Schematic  of  the  connection  of  the  parallel  winding  of 
■easaring  asters  to  five-rod  voltage  transformer. 

Page  337. 

Full  load  on  voltage  transformer  will  coaprise: 

, _  _  n  \ 

S,  /"+Q'=  4-  32,4*  92  »o. 

Key:  (1).  VA. 

Since  5,<5iiom,  then  voltage  transformer  will  work  in  the  selected 
class  of  precision  0.5. 

Por  the  protection  cf  voltage  transformer  from  short  circuits  we 
install  froa  the  side  of  voltage  10  kv  safety  fuses  of  the  type 
PKT-10.  These  safety  devices/fuses  are  current-liaiting  and  possess 
the  liaiting  current  of  cutoff /disconnection  50  kA  (Table  P-12). 

Since  ultratransitor y  snort-circuit  current  on  collecting  aains 
(during  closing/shorting  in  K-J)  composes  I"  =26*14.5=40.5  kA,  then 
they  possess  the  sufficient  disconnecting  ability. 
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According  to  the  condition  of  mechanical  strength  the  section  of 
copper  strands  of  coupling  cable  fro*  voltage  transfomer  to 
instrneents  must  be  not  less  than  1.5  an*.  For  checking  the  cable  to 
the  loss  of  voltage  it  is  necessary  to  have  available  the  assembly 
diagram  of  the  start  of  instruments  to  vcltage  transformer. 
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( /  ^  liaiiMviioBainir  npnOop.1 


( *)V<.oi.i  Merp  j.iCKi  poManmriiuti 
/  ^J.iMMCip  axi  iiLtiuii  Tpexi|ia3- 

V w  m.iii  . . 

(  |l'C«UM‘UIK . . . 

('twJav'  lorosiep . 

(iJlio.ii.  iuerp  perncTpitpyioiuiiri 
fi^ljcroioMeTp  pei  ucrpiipyioutiift 

.  .  . 


1  if  n 

(\oTpefi.uu** 

M3H  MliimtOCII, 
it  apn.*i  .lo.ii,  non 
kJTyiKKoO, 
ua 

(•/> 

‘llic.lrt 

K31  )  1UCK 

COS  f 

sin  9 

Whcjio 
n  (mi  Go  poo 

/^UorpcG.i* 

HOCTb  kA 
icex  nr 

M 

P,  am 

ewaH  MOUA- 

ryiiiKaMH 

MiGopon 

&T~ 

Q.  tap 

3112 

7,2 

1 

1 

0 

4 

28,8 

0 

*i>;u<a-2 

1,8 

2 

1 

0 

2 

7.2 

0 

111 

1  .75 

2 

0,38 

0,925 

10 

13,3 

32.4 

113-10 

6,5 

1 

1 

0 

1 

6,5 

0 

15 

1 

1 

0 

1 

15 

0 

11.105 

15 

1 

1  i 

0 

1 

15 

— 

— 

— 

— 

— 

—  ! 

— 

85,8 

32,4 

Key:  (1).  Designation  of  instruaent.  (2).  Type.  (3).  Required  power 
by  parallel  coil,  VA.  (4).  Number  of  coils.  (5).  Number  of 
instruaents.  (6) .  Consumed  coil  power  of  all  instruments.  (7) .  w. 
(8).  pitch/var.  (9).  Voltmeter  (electromagnetic.  (10).  Wattmeter 
active  three-phase.  (11).  counter.  (12).  Frequency  aeter.  (13). 
Voltaeter,  which  records.  (14).  frequency  aeter,  recording.  (15). 
Altogether. 
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Chapter  twenty-two. 

ALTEfiBATOBS  AVD  COMP ESSATOfiS . 

22-1.  Types  and  fundaaental  characteristics. 

Depending  on  the  kind  of  primary  engine  are  distinguished  two 
fundaaental  types  of  alternators:  turbogenerators  and  hydraulic 
generators.  Turbogenerators  are  intended  for  direct  connection  with 
steae  turbines,  and  hydraulic  generators  -  with  hydraulic  turbines. 

The  general  view  of  turbogenerator  is  shown  in  Fig.  22-3.  With 
an  increase  in  the  rotational  speed  the  sizes/diaensions  and  the 
weight  of  turbines  and  generators  decrease,  which  gives  the 
series/row  of  econoaic  advantages.  Therefore  Soviet  plants 
aanufacture  predominantly  two-pole  turbogenerators  on  3000  r/ain, 
what  is  the  aaxinun  possible  speed  of  rotation  of  alternator  at 
current  frequency  50  Hz. 

The  rotors  of  turbogenerators  perfora  cylindrical  fora  with  the 
iaplicitly  expressed  poles  (without  salient  poles)  and  the  diaaeter 
not  aore  than  1-1.1  a.  Is  explained  this  by  the  fact  that  at  the 
large  rotational  speed  the  external  parts  of  the  rotor  are  located 
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under  the  action  of  very  considerable  centrifugal  forces,  that  it 
does  not  sake  it  possible  to  reliably  fasten  on  rotor  salient  poles 
and  excitation  winding.  In  cylindrical  steel  forged  rotor  of 
turbogenerator  are  ailled  out  longitudinal  slots,  into  which  place 
the  conductors  of  the  rotor  winding,  which  is  the  winding  of 
excitation  of  generator.  The  slots/grooves  cf  rotor  are  closed  with 
■etallic  keys,  but  end  connections  of  the  rotor  winding,  which  do  not 
lie  at  slots/grooves,  secure  o y  the  durable  steel  bindings  (caps), 
preventing  the  defornation  of  end  connections  of  the  rotor  winding 
under  the  action  of  centrifugal  forces. 

In  hydroelectric  stations  the  speed  of  rotation  of  hydroturbines 
usually  lies/rests  within  the  Units  of  60-750  r/min  and  is 
deter nined  by  the  value  of  the  hydraulic  head,  by  power  and 
constructior /design  of  hydroturbine  itself  and  a  series/row  of  other 
conditions. 

In  accordance  with  natural  conditions  on  large/coarse  Soviet 
hydroelectric  plants  are  establ ished/installed  nainly  the 
aggregates/units  in  rotational  speed  fro*  62.5  to  125  r/nin. 

Page  338. 


As  a  result  of  a  comparatively  snail  speed  the  rotations  the  rotors 
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of  hydraalic  generators  nake  to  a  large  nuaber  of  clearly  expressed 
poles.  For  example,  with  n=b2.5  r/min  and  f=50  Hz  the  rotor  of 
hydraalic  generator  has  p=5u»bd/62.5=48  pairs  or  96  poles.  The 
disasters  of  such  rotors  are  great  and  reach  8-10  a  (with  diaaeter 
aore  than  4  a  rotors  aa&e  with  discount a ble  ones)  . 

Hydroaggregates  usually  have  vertical  fulfillment  during  the 
location  of  hydraulic  generator  in  the  upper  part  of  the 
aggregate/unit,  in  aachine  rooa,  as  is  evident  in  Pig.  2-9.  The 
hydraulic  generators  of  saall  and  average/aean  power  if  necessary  are 
fulfilled  with  side  shaft. 

The  hydraulic  generators  of  average  and  large  power  usually  have 
on  rotor  the  daaping  (damping)  windings,  aade  by  the  copper  rods, 
packed  in  polar  extreaities  and  oy  short-circuited  copper  bands  on 
ends/faces  poles. 

Horaally  rotor  and  aagnetic  flux  of  the  stator  of  polyphase 
alternator  rotate  synchronously;  tnerefore  in  the  danper  windings  of 
the  rotor  of  no  current  it  is  induced.  In  the  case  of  changing  the 
steady  aode/conditions  of  tne  work  of  generator  (increase  or  decrease 
of  load,  short  circuit  in  network/grid,  etc.)  t’he  rate  of  the 
rotation  of  rotor  is  disrupted  and  it  completes  soie 
oscillations/vibrations  of  the  relatively  rotating  field  of  stator. 
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This  in  tarn,  produces  change  id  the  magnetic  flux,  engaged  with  the 
damper  windings  of  the  poles  of  rotor,  and  the  induction  in  them  of 
currents.  Interaction  of  tne  latter  with  the  magnetic  flux  of  stator 
will  brake  (it  damps)  the  oscillations/vibrations  of  rotor,  seemingly 
it  attenuates  these  oscillations/vibrations. 

In  turbogenerators,  machines  from  cylindrical  rotor,  damper 
windings  they  do  not  obtain  satisfaction,  since  their  role  perform 
metallic  keys,  the  fastening  conductors  of  excitation  winding  in 
slots/grooves,  and  the  steel  body  (flank)  of  rotor.  The 
elements/cells  indicated,  which  perform  the  role  of  damper  windings, 
is  conventionally  designated  as  the  damping  outlines  of  the 
turbogenerators  [for  greater  detail,  see  6-2]. 

The  fundamental  technical  characteristics  of  turbo-  and 
hydraulic  generators  of  Soviet  plants  are  given  in  Tables  P-1  and 
P-2. 


For  connection  with  diesels  apply  multipole  generators  with  side 
shaft  at  speed  the  rotations  750-1000  r/min. 

The  synchronous  condensers  are  applied  in  the  electric  systems 
of  power  systems  as  the  supplementary  to  generators  power  plants  of 
the  sources  of  the  reactive  power,  necessary  for  the  work  of  power 
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consumers  and  electrical  network.  The  synchronous  condenser  is  the 
synchronous  electric  aotcr,  wnich  does  not  carry  nechanical  load, 
lith  work  with  overexcitation  the  synchronous  condenser  gives  up  in 
network/grid  the  reactive  power  (for  greater  detail,  see  6-2  and 
7-1]. 


The  speed  of  rotation  of  the  synchronous  condensers  is  usually 
600-1000  r/ain;  therefore  their  rotors  are  performed  with  the  clearly 
expressed  poles.  On  the  latter  there  are  damper  windings,  calculated 
as  starting  windings,  which  create  the  necessary  starting/launching 
torque  during  the  asyncnronous  iaunching/starting  of  the  synchronous 
condenser  (see  §22-7). 

Everything  presented  below,  if  there  are  no  special  indications, 
in  equal  aeasure  is  relatad  both  to  alternators  and  to  the 
synchronous  condensers. 

The  noainal  values,  which  characterize  synchronous  machine,  are: 
noainal  voltage,  noainal  power  the  rated  current  of  stator,  the  rated 
current  of  excitation  (rotor) ,  the  noainal  coefficient  of  power  and 
noainal  frequency.  All  these  values  are  indicated  in  the  plant 
certified/rating  table  of  aachine. 

The  noainal  voltages  of  synchronous  aachines  were  shown  earlier 
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in  §3-1  (see  also  Tables  P-1,  P-2  and  P-3). 

Noainal  frequency  id  the  ossfi  is  accepted  by  SO  Hz. 

The  noainal  power  of  synchronous  machines  is  defined  as  the  long 
peraissible  load  of  aachine  in  kilo-volt-amperes  at  a  specific 
calculated  teaperature  of  the  cooling  gas  (air  or  hydrogen)  and  long 
peraissible  teaperature  of  heating  winding  and  steel  of  stator  and 
rotor  winding.  For  three-phase  aachines  SII1M  =  /rr.r. 

The  noainal  power  of  the  synchronous  condenser  is  determined 
analogously,  but  with  tne  anticipating/leading  current,  i.e.,  when 
the  synchronous  condenser  worms  with  overexcitation  with  the 
anticipating/leading  current,  equal  to  the  rated  current  of  stator, 
and  with  noainal  load  voltage  of  stator. 

Page  339. 

The  long  peraissible  temperatures  of  heating  windings  of  steel 
different  for  different  types  aachines  they  depend  on  the  kind  of 
used  insulation.  Precise  values  of  these  temperatures  with  long 
runninq  of  aachine  with  noainal  load  with  noainal  power  factor  are 
established/installed  according  to  the  results  of  running  tests  for 
heating  and  they  are  indicated  in  station-type  instructions.  In  the 
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majority  of  the  cases  they  do  not  exceed  100-120°C  for  the  windings 
of  stators  and  105-1 45°c  for  the  rotor  windings.  The  temperature  of 
steel  in  the  location  of  winding  must  not  be  the  lore  than 
peraissible  teaperature  for  the  latter.  In  this  case  it  is  assumed 
that  the  temperatures  of  heating  windings  and  steel  of  stator  measure 
with  the  thermo-detectors  (see  Voi.  2,  chapter  15),  placed  between 
the  rods  of  windings  and  to  the  oottom  of  the  slots/grooves  of 
stator,  but  the  temperature  of  neating  the  rotor  windings  determine 
by  method  changes  in  the  resistor/resistance  during  heating. 

The  insulation  of  machines  gradually  is  abraded  (it  ages)  as  a 
result  of  the  effect  on  it  of  electric  field,  under  the  action  of 
different  mechanical  leads  (vibration  of  machines,  electrodynamic 
action  of  short-circuit  currents,  friction  of  the  jet  of  the  cooling 
gas,  etc.),  as  a  result  of  its  contamination,  moistening,  atmospheric 
oxidation  and  series/row  of  other  reasons.  Especially  great  effect  on 
ageing  of  insulation  exerts  its  heating:  the  higher  the  temperature 
of  heating  insulation,  the  more  rapid  it  is  abraded,  the  less  its 
service  life.  Por  example,  if  we  take  that  most  widely  used  for  the 
windings  of  stator-rotors  unit  the  insulation,  made  from  mica, 
asbestos  or  other  mineral  materials  with  binders  on  varnish 
(insulation  of  class  C),  then  during  heating  to  temperature  of  120®C 
service  life  of  its  is  approximately  15  years,  and  during  heating  to 
140°C  service  life  of  its  sharply  decreases,  almost  of  up  to  2  years. 
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The  considerable  heating  of  insulation  leads  to  the  decrease  of  its 
elasticity,  it  becoaes  brittle,  its  dielectric  strength  sharply 
decreases.  The  saie  insulation  at  a  temperature  of  heating  on  the 
order  of  105°C  ages  slowly  and  the  period  of  its  service  becoaes  aore 
than  25-30  years. 

Therefore  in  operation  during  any  nodes/conditions  of  the  wort 
of  aachine  it  is  not  possinle  tc  allow/assume  heating  its  insulation 
aore  than  established/instailed  for  it  maximum  peraissible 
teaperatures. 

Synchronous  machines  are  cooled  by  air  or  hydrogen  (gas).  The 
noainal  temperature  of  the  entering  the  machine  cooling  gas  is  called 
its  that  calculated  temperature  with  which  the  machine  can  how 
conveniently  long  work  witn  noainal  power. 

Soviet  plants  manufacture  tne  synchronous  machines,  designed  for 
the  efficiency  of  noainal  power  at  following  nominal  teaperatures  of 
the  entering  in  them  gas:  turbogenerators  of  +U0°C  (up  to  1941  was 
accepted  temperature  of  ♦35°C) ;  the  hydraulic  generators  and  all 
other  generators,  intended  for  connection  with  diesels,  engines, 
etc.,  *35°C;  synchronous  condensers  of  *40°C  (up  to  1956  -  ♦ 35°C) . 


If  the  temperature  of  the  entering  the  machine  cooling  gas 
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higher  than  noninal  (40°  or  35°C) ,  then  the  conditions  for  its 
cooling  deteriorate  also  for  retaining/preser ving/aaintaining  the 
service  life  of  eachine  tne  let-go  currents  of  stator-rotor  unit  must 
be  reduced  so  so  that  the  teaperatures  of  heating  windings  would  not 
exceed  noninal  value.  On  the  contrary,  if  the  teaperature  of  the 
entering  the  nachine  cooling  gas  lower  than  noninal,  then  cooling 
nachine  is  inproved  also  without  tne  decrease  of  the  period  of  its 
service  the  arnature  currents  and  rotor  can  be  sonewhat  increased  to 
the  values,  with  which  the  teaperatures  of  their  heating  will  be 
equal  to  noainal.  The  corresponding  permissible  values  of  the 
arnature  currents  and  rotor  at  different  teaperatures  of  the  cooling 
gas,  different  from  noninal,  set  to  the  data  of  running  tests  of 
aachines  for  the  heating  £  see  also  22-1]. 

Prolonged  overloadings  over  the  currents,  permitted  at  this 
temperature  of  the  entering  tne  aachine  cooling  gas,  are  not 
allowed/assuned.  The  pernissinle  under  emergency  conditions 
short-tern  overloadings  are  established  by  station-type  instructions. 

Let  us  note  that  the  tenperature  of  the  eaerging  fron  nachine 
cooling  gas  is  not  calibrated,  in  operation  it  is  necessary  to  follow 
overheating  of  the  cooling  gas  in  machine,  i.e.,  after  difference 
•  Usually  overheating  coaposes  approxinately/exenplarily 


20-30°C.  An  increase  in  the  tenperature  of  overheating  gas  in  nachine 
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at  ooraal  temperature  of  the  entering  gas  indicates  any  malfunction 
of  machine  or  system  of  its  cooling. 

Page  340. 

The  rated  current  of  rotor  consider  that  maximum  current  the 
excitations  of  machine,  with  which  is  provided  the  efficiency  by  the 
machine  of  its  nominal  power  in  kilo- volt-amperes  with  voltage  error 
on  the  terminals/grippers  of  stator  within  limits  of  »-5o/o  of 
nominal  value  and  when  the  generator  works  with  nominal  power  factor, 
and  the  synchronous  condenser  -  with  the  anticipating/leading  current 
[3-2,  22-1  and  22-2].  Hence  it  follows  that  the  synchronous  machines 
can  be  loaded  to  nominal  power  with  voltage  error  on  the 
terainals/grippers  of  stator  within  limits  of  -*■- 5o/o.  Respectively 
greatest  let-go  current  of  the  stator 

C 

»  _  «OM  _  f  nc  v 

/ 3. 0,95  UHOU  ’  ° 

With  voltage  it  is  less  than  0.95  f/H0H  prolonged  armature  current 
must  not  exceed  the  greatest  value  indicated.  Respectively  the  load 
of  machine  in  kilo-volt-amperes  it  is  necessary  to  decrease.  So,  with 
voltage  0.8  UHOH  machine  cau  be  loaded  on  S=  yt- 0,8  UMU  1,05  lHOU  =  0,845^, 
to  84o/o  of  nominal  power. 


Generators  and  synchronous  condensers  can  work  with  the  voltage 
which  exceeds  nominal  by  lOo/o.  However,  since  the  current  of  rotor 
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cannot  be  nore  than  nominal,  the  voltage  1.1  u on  the 
temlnals/grippers  of  eachine  it  can  be  obtained  only  by 
corresponding  reduction  in  current  of  stator,  i.e.,  the  load  of 
eachine  [22-2]. 

With  the  unsymmetncal  loading  of  phases  on  the  stator  of 
eachine  is  created  the  fluctuating  magnetic  flux  which,  as  is  known, 
it  can  be  decomposed  on  two  rotating  magnetic  fluxes:  the  flow  of 
forward  sequence,  which  rotates  synchronously  with  rotor,  and  the 
flow  of  backward  sequence,  which  rotates  with  the  synchronous  speed 
to  opposite  side. 

The  flow  of  forward  sequence  is  the  flow  of  the  reaction  of 
stator. 

The  flow  of  backward  sequence  rotates  relative  to  rotor  with  the 
dual  synchronous  speed  and  induces  the  currents  of  dual  frequency  in 
excitation  winding  and  in  tne  steel  body  of  rotor  (Fig.  22-1).  These 
currents  cause  additional  coil  losses  of  excitation  and  in  the 
metallic  parts  of  the  rotor  and  heat  then. 

If  on  rotor  are  damper  windings,  which  possess  low  effective 
resistance,  then  the  magnetic  flux  of  backward  sequence  induces  in 
them  the  considerable  in  value  currents  of  the  dual  frequency  (as  in 
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secondary  quadrature  winding  or  transf or ier) .  These  currents  in 
daeper  windings  create  their  aagnetic  flux  which  to  a  considerable 
degree  compensates  the  aagnetic  flux  of  backward  sequence  of  stator. 

As  a  result  of  this  sharply  descend  the  strengths  of  currents  of 
the  dual  frequency  which  are  induced  in  excitation  winding  and  in  the 
steel  body  of  rotor  and,  consequently,  also  their  supplenental  heat. 

The  greatest  supplenental  heat  with  the  unsynnetrical  loading  of 
phases  is  observed  in  turbogenerators,  since  they  do  not  have  da* per 
windings,  but  the  conductors  of  the  rotor  winding  in  then  are  located 
in  closed  slots  that  inpedes  their  cooling.  Especially  strongly  are 
heated  the  body  of  rotor  aad  its  bindings. 

In  the  best  position  are  located  the  machines  with  the  clearly 
expressed  poles,  since  their  excitation  winding  is  cooled 
considerably  better.  Favoranle  is  the  fact  that  nany  machines  with 
the  clearly  expressed  poles,  especially  average/nean  and  large  power, 
have  danper  windings. 

Besides  that  indicated  above  with  the  unsynnetrical  loading  of 


phases  is  disrupted  the  equilibrium  of  forces  of  interaction  between 
the  poles  of  rotor  and  the  stator  of  nachine,  as  a  result  of  which 
appear  the  vibration  of  dual  frequency  and  additional  nechanical 
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stresses  in  soae  aachine  parts.  For  aachines  with  the  clearly 
expressed  poles  the  peraissible  asyanetry  of  the  load  of  phases  is 
usually  deterained  precisely  froa  the  conditions  of  the  onset  of 
these  vibrations. 

Taking  into  account  that  presented,  in  operation  with  the  full 
load  of  aachines  allow/assuae  work  with  the  inequality  of  currents  in 
phases  not  aore  than  lOo/o  noainal  araature  current  for 
turbogenerators  and  20o/o  -  for  hydraulic  generators  and  synchronous 
condensers.  In  this  case  not  in  one  of  the  phases  the  current  aust 
not  be  aore  than  noainal.  With  saaller  loads  it  is  possible  to  allow 
the  large  nonunifornity  of  current  in  phases,  deterained  by  the  tests 
of  aachine  [3-2,  22-1  and  22-3]. 

As  noted  into  chapter  5,  generators  and  synchronous  condensers 
in  networks/grids  with  the  unurounded  neutrals  and  in  the  coapensated 
networks/grids  can  continue  to  work  during  single-phase 
closing/shorting  to  the  earth  in  network/grid,  but  are  not  aore  than 
2  h.  In  this  case  the  current  of  single- phase  closing/shorting  to  the 
earth  aust  not  exceed  30  A  £3-5  and  22-1]. 

The  noainal  factor  of  the  power  of  the  aajority  of  alternators 
is  equal  to  0.8  and  only  in  powerful/thick  turbogenerators  it  is 
equal  to  0.85-0.9  (Tables  P-1  and  P-2). 
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Proa  the  value  of  the  power  factor,  with  which  works  the 
generator,  depends  the  value  of  the  field  current  of  generator.  With 
the  sane  load  of  generator  in  kilo-volt- aa peres  the  less  the  power 
factor,  the  greater  the  field  current,  the  greater  charging  rotor. 

The  work  of  generator  with  the  factor  of  the  power  of  less  than 
the  noainal  leads  to  the  incomplete  use  cf  power  of  aggregate/unit. 

Let  us  take  for  an  example  the  turbogenerator  with  a  power  of  15 
KVA  when  cosfHa'M-ci.ii.  connected  with  turbine  in  power  of  15*0.1=12  HW. 
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Pig.  22-1.  Track  layout  of  passage  in  the  rotor  of  the  turbogenerator 
of  the  currents,  induced  by  the  aagnetic  field  of  reverse  sequence. 

Page  341. 

Let  us  assuee  that  the  generator  works  from  cose=0.6.  with 
decrease  in  the  power  factor  the  field  current  of  generator  must  be 
increased.  However,  the  prolonged  overloading  of  the  rotor  winding  is 
not  admitted,  and  for  maintaining  nornal  load  voltage  of  generator 
with  cos*=0. 6  it  is  necessary  to  lower  the  load  of  generator 
approxinately/exeaplarily  to  14o/o  (according  to  the  data  of  plant 
"electric  power") .  As  a  result  of  this  the  load  of  generator  Bust  be 
liaited  by  the  power  of  15*0.84=12.9  NVA  (underloading  14o/o) .  The 
load  of  turbine  will  be  12.9x0.4=7.74  MW  (underloading  of 
approximately  35.5o/o) . 

22-2.  Cooling  systeas. 

During  the  work  of  synchronous  Machine  windings  and  steel  of 
stator-rotor  unit  are  heated,  so  that  the  teaperature  of  heating 
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aachine  pacts  would  not  exceed  the  pereisslble  values,  is  necessary 
their  peraanent  cooling.  Good  neat  removal  provides  the  lower 
teaperatures  of  heating  insulation,  which  increases  the  service  life 
of  aachine  and  makes  it  possible  in  certain  cases  to  increase  the 
let-go  currents  of  stator-rotor  unit  of  aachine. 

Synchronous  machines  can  be  cooled  by  gas  -  air,  hydrogen,  or 
liquid  -  oil,  water. 

Is  aost  common  ventilation  ot  the  synchronous  machines:  all 
small  synchronous  machines,  turbogenerators  in  power  to  15  HW 
inclusively  and  the  hydraulic  generators  of  all  power  are  fulfilled 
only  with  ventilation. 

Hydrogen  cooling  is  used  in  the  following  machines  of  domestic 
manufacture:  in  turbogenerators  on  3000  r/min  with  a  power  of  25-30 
HW  and  aore  (issue  after  1950)  and  in  the  synchronous  condensers  in 
power  37.5  and  75  MV  A. 

During  air  and  hydrogen  cooling  the  cooling  gas  drives  away 
itself  through  the  machine  by  the  fans,  established/installed  froa 
the  ends/faces  of  rotor. 


Subsequently  it  is  assuaed  to  use  the  liquid  cooling  of 
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synchronous  Machines,  also,  first  of  all  of  the  projected/designed 
very  large/coarse  turbogenerators  with  a  power  of  300  H8  and  gore. 

Ventilation.  There  are  two  systeis  of  ventilation  of  the 
eachines:  flowing  (extended)  and  locked. 

flowing  ventilation  cold  air  enters  aachine  outside  and,  in 
passing  by  through  it,  it  is  rejected  into  aachine  rooa  or  outside. 

In  this  case  is  necessary  careful  dusting  of  the  entering  the  aachine 
air.  The  contamination  of  air  ducts  and  windings  of  aachine  aakes 
cooling  worse  and  it  leads  to  an  increase  in  the  tanperature  of 
heating  its  parts.  Possibly  also  the  disconnection  of  the  insulation 
of  windings. 

However,  even  cleaning/purification  of  air  coolant  in  special 
filters  (fabric  or  oil)  turn  out  to  be  insufficient  and  is  observed 
certain  contamination  of  aachine;  therefore  this  cooling  systea  is 
applied  only  for  the  Machines  or  coaparatively  small  power.  So,  on 
the  in  force  standards  wita  flowing  ventilation  can  be  manufactured 
turbogenerators  in  power  to  1.5  8*  inclusively  (GOST  [All-union  State 
Standard]  533-51),  hydraulic  generators  to  4  MH  (GOST  5616-50)  and 
synchronous  condensers  to  5  hva  ,  and  sometimes  and  to  15  NVA  (GOST 
609-54).  The  machines  of  large  power  are  performed  with  locked 


ventilation 
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iith  locked  ventilation  through  the  aachine  continuously  drives 
away  itself  always  one  and  the  sane  volune  of  air  (Fig.  22-2) .  The 
eaerging  froa  nachiae  hot  air  passes  through  water  air  cooler  1  and, 
after  being  cooled,  again  it  enters  aachine.  In  air  cooler  the 
cooling  water  flows/occurs/lasts  over  tubes,  in  the  gaps/intervals 
between  which  is  passed  the  air-cooled. 

The  air  coolers  of  tur oogenerators  and  synchronous  condensers 
usnally  install  under  aachine  in  tne  chaaber/caaera  of  cooling  air  as 
this  shown  in  Pig.  22-2.  In  large/coarse  hydraulic  generators  with 
vertical  shaft  the  air  coolers  normally  place  around  the  stator  of 
generator. 

In  cold  season  the  temperature  of  the  entering  the  machine  air 
Bust  not  be  lower  than  specific  value,  established  experiaentall y,  to 
avoid  the  sweating  of  separate  aacnine  parts,  Bust  not  be  also 
sweating  of  air  cooler  to  avoid  drift  into  the  machine  of  the  drops 
of  water  and  corrosion  of  air  cooler,  as  a  result  of  which  decreases 
its  cooling  capacity.  For  removing  condensed  on  air  cooler  water,  and 
also  in  the  case  of  its  leak  in  the  chamber/caaera  of  cold  air  they 
perform  containers  3  (Fig.  22-2),  froa  which  the  water  along  tube  u, 
eguipped  with  hydraulic  gate  5,  is  abstr acted/reaoved  into  the  catch 


i 


DOC  =  79 '34821 


PAGE  ft* 


drain  (in  figure  it  is  not  shown) . 

Pressure  in  different  parts  of  the  cooling  systea  is  different. 
So,  in  the  regions,  noted  ny  letter  B,  pressure  are  soaevhat 
increased,  in  consequence  of  wmch  through  the  leakages/loosenesses 
of  this  part  of  the  cooling  systea  occurs  certain  air  leakage. 

Page  342. 

On  the  contrary,  in  the  cnaa ber/caaer a  of  cold  air  G,  and  especially 
in  A  fields,  whence  the  fans  of  aachine  draw-in  air,  is  created 
certain  rarefaction/evacuation  due  to  which  through  the 
leakages/loosenesses  of  this  part  of  the  cooling  system  it  can  occur 
a  certain  air  suction.  The  small,  out  permanent  aspiration  of 
external  air  considerably  contaainates  aachine.  For  elimination  of 
this  is  necessary  good  multiplexing  of  cooling  system.  Furthermore, 
in  the  chamber/camera  of  cold  air  G  are  installed  dual  oil  filters  2, 
through  which  is  sucked  the  air  from  condensation  location  how  are 
completed  its  losses  through  escapes. 

Oil  filters  consist  of  separate  rectangular  cases  (cells) whose 
two  opposite  walls  are  made  from  the  gratings,  filled  with  the  short 
cuts  of  steel  tubes  (rings) ,  moistened  in  viscin  oil  (by  inserting  in 
it  the  case  with  the  filler  indicated).  ?iscin  oil  is  characterized 
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by  large  viscosity  and  guaainess;  therefore  with  the  passage  of  air 
in  the  gaps/intervals  between  the  filler  the  large  part  of  the 
containing  in  it  dust  adheres  to  oil  (filter  delays  to  85o/o  of 
dost) .  Intermittent  filters  they  clean  fron  the  accumulated  dust  and 
again  charge. 

dust  not  be  air  suction  into  the  cooling  system  of  machine  and 
through  its  leakages/loosenessas  -  through  the  joints  between  housing 
and  panels,  between  panels  ana  shaft,  between  housing  and  bed.  This 
is  achieved  by  creation  in  the  region  of  these  joints  of  the  elevated 
pressure  under  action  of  which  the  air  through  joint  leakage  can  only 
emerge  outside. 

Fig.  22-2  schematically  snows  a  similar  system  of  the  creation 
of  labyrinth  packing  in  contemporary  turbogenerators  with  ventilation 
of  Soviet  plants  [22-2].  rfith  the  aid  of  special  chambers/caneras  D, 
which  have  the  form  of  grooves,  the  air  of  plenums  B  is  fed/conducted 
to  all  joints  indicated  above  anr1  through  then  leaks  in  the 
atmosphere.  Chamber/camera  D  is  peculiar  buffer  which  does  not 
allow/assume  air  suction  inside  machine.  Is  eliminated  also  the 
possibility  of  inflow  along  shaft  into  the  turbogenerator  of  the 
particles  of  oil  fron  bearings,  which  greatly  detrimentally  operates 
on  the  insulation  of  the  windings  of  machine. 
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The  advantages  of  closed-cycle  cooling  systea  consist  in  the 
absence  of  bulky  filters,  saall  contaninat ion  of  aachine  and 
ease/lightness  of  the  liquidation  of  fire  as  a  result  of  the  absence 
of  flow  of  air  froa  without. 

Quenching  of  fire  in  aachines  with  ventilation.  Fire  in  aachine 
can  arise  during  its  different  damages,  which  are  especially 
accoapanied  by  the  onset  of  electric  arc  in  the  place  of  damage 
(interphase  short  circuits,  single-phase  contacts  to  frane  vaultjL  The 
rapid  liquidation  of  fire  decreases,  the  sizes/diaensions  of  the 
daaage  of  generator.  Therefore  all  hydraulic  generators, 
turbogenerators  and  synchronous  condensers  with  air  cooling  aust  be 
equipped  by  devices/equipaent  for  the  quenching  of  fire  by  water.  For 
this  in  the  region  of  end  connections  the  stator  windings  install 
rings  of  the  tubes  with  a  large  nuaber  of  saall/fine 
openings/apertures  through  which  the  atoaized  water  is  fed  into  the 
aachine  with  the  quenching  of  fire  [22-4], 

Fire  in  the  aachines  of  the  saall  power  of  low  voltage  can  be 
turnned  off  with  the  aid  of  different  movable  fire  extinguishers  or 
by  water  froa  the  water-conducting  network/grid  through  fire  hoses. 
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Pig.  22-2.  Schematic  of  the  closed  system  of  ventilation  of 
turbogenerator. 

Page  343. 

Hydrogen  cooling.  In  the  material  of  the  body  of  the  rotor  of 
high-speed  turbogenerator  appear  the  large  mechanical  stresses, 
caused  by  centrifugal  forces,  and  the  alternating  bending  stresses. 
Therefore  the  rotors  of  turbogenerators  are  manufactured  from 
one-piece/entire  forgings  made  of  special  high-quality  magnet  steel 
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In  the  contemporary  state  of  aetallurgy  for  two-pole 
turbogenerators  on  3000  r/ain  is  possible  the  aanufacture  of  rotors 
with  diaaeter  of  not  aore  than  1.  1  a  and  whose  active  part  is  length 
than  6.5  a.  With  great  difficulties  is  connected  also  the  production 
of  bindings  for  the  reinforceaent  of  end  connections  of  the  winding 
of  rotor  [22-5  and  22-6], 

Since  the  power  of  turbogenerator  in  essence  is  deterained  by 
the  theraal  condition  of  the  rotor  winding,  then  during  limitation 
indicated  above  of  the  sizes/diaensions  of  rotor  proves  to  be  that 
with  ventilation  two-pole  turbogenerators  it  is  possible  to  construct 
to  the  power  not  more  than  120-140  NT  A.  The  turbogenerators  cf  larger 
power  can  be  constructed  only  during  hydrogen  cooling.  As  a  result  of 
the  series/row  of  essential  advantages  in  comparison  with  ventilation 
hydrogen  cooling  is  applied  also  for  the  aachines  of  smaller  power. 

Are  distinguished  two  means  of  the  hydrogen  cooling  of  the 
synchronous  aachines:  surface  and  internal. 

Surface  hydrogen  cooling  is  realized  siailarly  to  locked 
ventilation:  in  the  closed-cycle  cooling  systea  of  aachine  circulates 
one  and  the  saae  space  of  gas,  to  96-98o/o  of  that  consisting  of 
hydrogen.  The  construction/design  of  machine  does  not  undergo 
substantial  changes  in  ccaparison  with  machines  with  ventilation. 
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Does  not  change  the  diagrae  of  the  heat  reaoval  froe  the  windings;  as 
in  eachines  with  ventilation,  heat  froa  the  conductors  of  the 
windings  of  rotor  and  stator  is  abstracted/reaoved  through  the  layer 
of  the  electrical  insulation  of  windings,  on  teeth  and  then  from  the 
surface  of  the  latter  to  the  cooling  gas  in  the  gap  between  the  rotor 
and  the  stator,  but  on  stator  and  to  the  cooling  gas  -  in  its  air 
ducts. 


Fundaaental  difficulty  with  the  fulfillaent  of  hydrogen  cooling 
is  the  need  of  guaranteeing  the  explosion- proof  character  of  aachine, 
since  the  aixture  of  hydrogen  with  air  (in  a  certain  proportion) 
foras  dangerously  explosive  detonating  gas.  Machine  fraae  is 
perforaed  by  gas-iaper aeable ;  in  the  points  of  eaergence  of  shaft 
butt  ends  froa  housing  are  provided  for  good  oil  seals.  Hithin 
aachine  fraae  they  support  certain  overpressure.  So,  the  first  Soviet 
aachines  with  hydrogen  cooling  had  the  overpressure  of  gas  in  housing 
0.035-0.05  Ata(gage). 

Machine  fraaes  experience  pressure  of  up  to  6-10  Ate  (gage)  [22-6 
and  22-7], 


Due  to  overpressure  in  aachine  fraae  in  operation  occurs  certain 
escape  of  hydrogen  froa  aachine,  coapleted  autoaatically,  for  exaaple 
froa  the  cylinders  of  coapressed  hydrogen,  established/installed  near 
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aachine  (4  in  Fig.  22-3).  As  a  result  of  the  large  space  of  eachine 
roos  and  its  good  ventilation  this  saall  escape  of  hydrogen  does  not 
cause  the  explosion  hazard  or  fire. 

During  the  work  of  aachine  with  the  aid  of  gas  analyzers 
continuously  and  autoaatically  aonitor  the  percentage  of  hydrogen 
froa  the  cooling  systea  of  the  aachine.  In  operation  is 
allowed/assuaed  the  cleanliness  of  hydrogen  in  liaits  not  less  than 
96-98o/o,  also,  when  the  oxygen  content  in  gas  aixture  does  not 
exceed  2o/o. 

The  fundaaental  advantage  of  the  systea  of  hydrogen  cooling  in 
guestion  consists  in  the  fact  that  with  constant/invariable 
duiaensions  the  power  of  aachine  can  be  increased 

approxinately/exenplarily  to  20-30o/o  in  comparison  with  power  with 
ventilation.  Or,  on  the  contrary,  at  the  saae  power  of  machine  its 
sizes /dimensions  can  be  respectively  reduced  by  20-30o/o. 
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Pig.  22-3.  Turbogenerator  with  hydrogen  cooling  of  the  type  TV2- 100-2 
with  a  power  of  100  HR  with  3000  turns/m  in.  1  -  turbogenerator;  2  - 
section  of  the  gas  condenser;  3  -  driver;  4  -  cylinders  with 
hydrogen;  5  -  control  board  of  the  hydrogen  cooling;  6  -  bed. 

Page  344. 

Is  explained  this  by  the  considerably  best  cooling  of  aachine  as  a 
result  of  the  higher  coefficient  of  heat  transfer  fron  the  surface  of 
hot  body  to  gas  and  several  tines  of  the  larger  thernal  conductivity 
of  hydrogen,  with  overpressure  0.035  Ata  (gage)  and  cleanliness  of  gas 
96o/o  coefficient  of  heat  transfer  with  turbulent,  i.e. ,  vortex/eddy, 
flow  of  cooling  gas  apprcxiaately/exenplarily  1.55  tines  nore  than 
air  at  the  ataospheric  pressure;  the  coefficient  of  the  thernal 
conductivity  of  gas  of  the  sane  cleanliness  approxiaately/exeaplarily 
6.6  tines  nore  than  air  (22-5  1. 
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In  high-speed  synchronous  aachines  with  ventilation  the  losses 
to  ventilation  cob pose  35-50o/o  of  all  losses  of  aachine.  These 
losses  depend  on  the  density  of  the  cooling  gas:  the  less  gas 
density,  that  is  less  than  loss.  With  hydrogen  cooling  with 
overpressnre  0.03S-0.05  Ata(gage)  the  density  of  the  cooling  gas  is 
approxiaately/exeaplarily  a- 10  tiaes  less  than  air  at  ataospheric 
pressure.  Respectively  into  the  sane  nuaber  of  tiaes  are  less  losses 
to  ventilation,  which  leads  to  an  increase  in  the  efficiency  of 
aachine  by  0.7-1o/o. 

Besides  those  indicated,  it  is  possible  to  note  also  the 
following  advantages  of  hydrogen  cooling  in  conparison  with  air 
[22-8]: 


1.  Are  aore  the  reliability  of  operation  and  the  service  life  of 
insulation,  is  aore  the  periodicity  of  repairs  and  is  less  their 
duration  as  a  result  of  the  absence  of  the  oxidation  of  insulation, 
dirt  and  danpness;  the  corona  of  tne  wires  of  the  stator  winding  in 
the  ataosphere  of  hydrogen  is  less  detri Bent ally  for  insulation. 

2.  There  is  no  danger  of  onset  of  fire  in  aachine  at  breakdown 


of  insulation  of  windings,  since  hydrogen  does  not  support 
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coabustion;  it  is  not  required  special  devices/equipaent  for 
quenching  of  fire. 

3.  Is  considerably  less  noise  with  work  of  aachine  as  a  result 
of  less  density  of  gas. 

4.  Is  less  surface  of  gas  condensers  as  a  result  of  larger  value 
of  factor  of  heat  transfer  (see  above)  and  saaller  total  loss  of 
aachine. 

5.  In  synchronous  condensers  where  rings  with  brushes  are  placed 
in  hydrogen,  several  times  is  less  wear  of  brushes. 

In  the  beginning  of  1959  soviet  plants  manufactured  with  surface 
hydrogen  cooling  at  overpressure  in  housing  0.05-1  Atm  (gage)  the 
turbogenerators  with  a  power  of  30-150  BW  (37.5-166.7  H?A) 
inclusively  and  the  synchronous  condensers  in  power  37.5  and  75  MVA. 
All  these  aachines  have  a  speed  of  rotation  3000  r/ain.  It  is 
possible  that  in  the  future  with  a  decrease  in  the  expenditures  for 
the  equipaent  of  hydrogen  cooling  can  prove  to  be  economically 
advisable  the  production  with  the  nydrogen  cooling  also  of 
synchronous  aachines  in  power  less  than  30  hva. 

Hydraulic  generators,  as  has  already  been  indicated,  have  only 
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ventilation. 

As  a  result  of  considerably  smaller  overall  sizes  water  gas 
condensers  incorporate  inside  aachine  frane  with  hydrogen  cooling.  By 
this  is  renoved  device/eguipaent  in  the  cooling  systea  of  the  aachine 
of  the  special  well  condensed  chaabers/caaer as  and  ducts  which  raises 
the  explosion- proof  character  of  aachine.  for  the  creation  of  the 
necessary  circulation  of  gas  the  aachines  are  usually  supplied  with 
two  fans,  established/installed  froa  both  ends/faces  of  rotor.  Heated 
gas  leaves  air  ducts  between  the  packets  of  steel  of  the  stator 
(siailarly  how  this  is  shown  in  Fig.  22-2)  and  then  it  passes  through 
the  sections  of  coolant  along  tuoes  of  which  flows/occurs/lasts  the 
water. 


Fig.  22-3  shows  the  general  view  of  turbogenerator  with  a  power 
of  100  HH  with  the  surface  Hydrogen  cooling,  in  housing  1  of  which 
are  built  in  eight  vertical  sections  of  2  gas  condensers.  The 
aachines  of  saaller  power  nave  four  sections  of  gas  condenser, 
located  in  the  zone  of  frontal  aachine  parts. 

Soviet  turbogenerators  with  surface  hydrogen  cooling  at  the 
overpressure  of  gas  O.OJS-1  Ata(gage)  can  work,  also,  with 
ventilation,  but  with  the  load,  which  does  not  exceed  60o/o  of  their 
noainal  power  (during  hydrogen  cooling). 
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The  translation /con version  of  machine  with  hydrogen  to  air 
cooling  and  bach,  which  is  possible  with  the  working  machine,  must  be 
conducted  by  full/total/complete  displacement  from  machine  in  the 
first  case  of  hydrogen,  and  the  secondly  -  air.  This  is  necessary  for 
warning/pre wanting  the  f ormation/education  of  detonating  gas  and 
blast  of  machine.  For  eliminating  this  danger  they  displace  from 
machine  hydrogen  or  air  by  carbon  dioxide,  for  which  are  provided  for 
special  cylinders  with  the  compressed  carbon  dioxide. 

Fig.  22-4  gives  the  simplified  circuit  of  the  hydrogen  economy 
of  turbogenerator.  Por  supply  and  gas  bleed  in  the  upper  and  lover 
parts  of  machine  frame  are  collector s/receptacles  11  and  12  with 
openings/apertures.  The  positron  of  all  taps/cranes  in  the  diagram 
corresponds  to  the  normal  work  of  generator  on  the  hydrogen  cooling 
(closed  taps/cranes  are  blackened)  . 

Installation  is  equipped  by  several  cylinders  with  hydrogen  1, 
compressed  air  2  and  carbon  dioxide  3. 
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The  gas  pressure  in  generator 

and  the  cleanliuess  of  gas  (the  percentage  of  hydrogen)  are 
aonitored  by  special  device/eguipaent  4,  which  with  the  aid  of  by 
special  device/eguipaent  4,  March  with  the  aid  of  tubes  A  and  B  is 
connected  with  generator.  The  end/lead  of  tube  A  is  introduced  into 
region  after  fan  (high-pressure  area) ,  while  the  end/lead  of  tube  B  - 
into  region  to  fan  (di f tiuence) .  As  a  result  of  pressure  difference 
in  these  regions,  the  gas  circulates  through  aonitor  4. 

As  a  result  of  certain  escape  of  hydrogen  the  gas  pressure  in 
aachine  is  reduced,  that  is  aonitored  manometer  8  and  pressure  relay 
5.  At  a  normal  pressure  of  gas  in  generator  the  contacts  of  relay  5 
are  extended.  Mith  lowering  in  tne  pressure  the  contacts  of  pressure 
relay  are  closed  and  excite  Dy  current  the  coil  of  magnetic  valve  13. 
The  latter  is  opened/disclosed,  and  hydrogen  froa  tank/balloon  1 
through  the  pressure  reducer  by  9  and  valve  13  enters  through  upper 
collector/receptacle  11  into  generator.  Thus,  the  pressure  of 
hydrogen  in  generator  is  supported  automatically  (6  -  manometer  for 
the  control  of  the  pressure  of  hydrogen  on  reducer  9) . 
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Monitor  4  has  instruments,  wnich  directly  show  the  content  of 
hydrogen  in  gas.  With  the  inadmissible  decrease  in  the  content  of 
hydrogen  in  gas  operates/wears  the  signalling  device,  which  notifies 
personnel . 

Monitor  can  work,  also,  witn  the  stationary  generator.  For  this 
it  is  necessary  to  shut  tap/ccane  23  and  to  discover  tap/crane  24; 
then  snail  gas  jet  will  ensue/asca pe/flow  out  in  the  ataosphere,  and 
monitor  will  work. 

If  it  is  necessary  to  «xtr ude/exclude  from  generator  hydrogen 
and  to  replace  with  its  air,  tnen  they  first  displace  hydrogen  by 
carbon  dioxide.  Being  guided  uy  simplified  circuit  in  Fig.  22-4,  for 
this  it  is  necessary  tc  shut  taps/cranes  14,  15,  22  and  23  and  to 
discover  taps/cranes  18,  19  aud  21.  In  this  case  the  carbon  dioxide 
from  tank/balloon  3  will  enter  tne  lower  collector/receptacle  of 
generator  12  and  displace  nydrogen  which  through  upper 
collector/receptacle  11  and  tap/crane  21  will  emerge  in  the 
atmosphere  (on  manometer  7  is  monitored  the  pressure  of  carbon 
dioxide).  Output  from  the  tap/crane  of  21  carbon  dioxide  testifies 
about  the  filling  with  it  ot  entire  generator.  Then  they  displace 
from  generator  carbon  dioxide  oy  air.  For  this  must  be  closed 
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taps/cranes  with  14,  15,  Id,  19  and  21-24  and  are  opened  taps/cranes 
16,  17  and  20.  The  compressed  air  from  t  ank/balloon  2  through  the 
pressure  reducer  10  enters  colleccor/receptacle  11  and  displaces 
carbon  dioxide  in  the  atmosphere  tarough  collector/receptacle  12  and 
tap/crane  20. 

They  analogously  replace  air  oy  hydrogen.  They  first  displace 
air  by  carbon  dioxide,  ana  then  carbon  dioxide  by  hydrogen. 

With  an  increase  oi  pressure  p  of  hydrogen  in  machine  frame  the 
value  of  the  coefficient  of  heat  transfer  from  the  surface  of  hot 
body  to  gas  grows/rises  proportional  to  the  gas  pressure  to  degree  of 
0.8,  i.e.,  p0i  (at  the  constant  velocity  of  gas).  For  example,  with 
an  increase  in  the  overpressure  from  0.035  to  1  atm  (gage)  the 
coefficient  of  heat  transfer  increases  approximately/exemplarily  1.65 
times,  and  with  an  increase  m  tne  pressure  to  2  atm  (gage)  - 

approximately/exemplarily  2.3  times  [^22-5]. 

/I 

Thus,  the  pressure  increase  or  gas  in  machine  frame 
significantly  improves  its  cooling.  So,  an  increase  in  the 
overpressure  of  gas  to  3  atm  (gage)  allows  with  the  same  overall  sizes 
of  machine  to  increase  its  power  approximately/exemplarily  to  30o/o 
in  comparison  with  power  at  tue  overpressure  of  gas  0.035  atm(gage) 
(or  at  the  same  power  to  respectively  decrease  the  overall  sizes  of 
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machine) .  Increase  in  the  gas  pressure  over  3  ate (gage)  gives  a 
comparatively  small  gain  in  the  power  of  eachine. 

With  surface  hydrogen  cooling  at  the  overpressure  of  gas  to  3 
ate  (gage)  can  be  constructed  tne  turbogenerators  in  power  to  270  HVA. 

Internal  hydrogen  cooling.  By  even  more  effective  means  of  an 
increase  in  the  power  of  turbogenerators  is  the  direct  internal 
cooling  of  copper  of  windings  nydrogen  at  elevated  pressure.  In  the 
turbogenerators  with  internal  hydrogen  cooling,  which  occasionally 
referred  to  as  generators  wita  the  forced  hydrogen  cooling,  the 
cooling  gas,  which  is  located  in  Housing  under  overpressure  to  3-3.5 
atm  (gage)  and  even  is  more,  at  a  nigh  speed  it  passes  through  air 
ducts  within  windings  and  steel  of  stator.  Because  of  the  elevated 
pressure  of  gas,  large  gas  velocity  in  channels  and  the  direct 
contact  of  gas  with  the  conductors  of  windings  is  provided  the 
intense  cooling  of  machine.  In  this  case  the  heat  removal  from 
windings  the  better,  the  less  the  thickness  of  electrical  insulation, 
which  separates/liberates  gas  from  the  metal  of  wire,  since  isolation 
plays  the  role  of  the  thermal  barrier,  which  impedes  the  heat 


removal 
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Fig.  22-4.  The  simplified  cucuit  of  the  hydrogen  economy  of 
turbogenerator. 

fCEi'.to  fto-to] a.  (l)  s  tAta-r  h  ecA.  S  t 

Page  346. 

Is  especially  effective  tae  cooling,  when  there  is  no  this  insulation 
and  gas  is  contacted  directly  witn  the  metal  of  the  conductors  of 
windi ng. 

Energetic  cooling  of  coils  makes  it  possible  to  considerably 
increase  current  density  in  the  conductors  of  windings,  and  thereby 
also  the  power  of  the  macnine:  the  power  of  machines  with  internal 
hydrogen  cooling  1.5-2  tines  approxinately/exemplarily  exceeds  the 
power  of  the  machines  of  the  same  overall  sizes  at  surface  hydrogen 
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cooling  and  overpressure  0.05  ate  (gage). 

In  spite  of  an  increase  ot  the  coil  losses  as  a  result  of  large 
current  density  and  an  increase  in  the  windage  losses  as  a  result  of 
the  large  pressure,  developed  with  fans,  the  efficiency  of  eachines 
remains  approximatel y/exeapiatily  the  same  as  during  surface  hydrogen 
cooling. 

The  larger  cost/valua  of  machines  with  internal  hydrogen  cooling 
with  excess  is  redeemed  due  to  the  decrease  of  fundamental  initial 
costs  of  the  machine  room  of  station  as  a  result  of  the  smaller 
sizes/dimensions  of  machine  per  the  unit  of  power  and  decrease  in  the 
operating  costs. 

There  are  different  constc uctions/designs  of  windings  of 
machines  with  internal  hydrogen  cooling.  Fig.  22-5  in  the  form  of  an 
example  shows  one  of  the  constructions/designs  of  the  slots/grooves 
of  stator- rotor  unit  of  generator  with  internal  cooling. 

Stator  winding  rationally  to  perform  with  air  ducts  in  the  form 
of  narrow  slots  along  the  axes  of  the  rods  of  winding. 
Structurally/constructurally  such  channels  between  two  series/rows  of 
copper  are  formed  with  the  aid  of  special  longitudinal  spacers  or 
metal  tubes  of  rectangular  cross  section,  as  is  evident  in  Fig. 
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22-5a.  For  decreasing  the  losses  fcoa  eddy  currents  are  applied  the 
tubes  with  the  seall  thickness  o £  the  walls,  prepared  froe  eetal  with 
the  high  specific  resistor/resistance,  for  example,  to  the  stainless 
steel.  Tubes  themselves  insulate  just  as  the  parts  of  the  rods  of 
winding. 

In  the  rotor  winding,  as  is  known,  flows/occurs/lasts  direct 
current;  therefore  it  can  be  made  fro*  the  copper  conductors  of  large 
cross  section.  Applying  tne  conductors  of  shaped  section,  it  is  easy 
to  fulfill  air  ducts  within  winning.  In  the  construction/design, 
shown  in  Fig.  22-5b,  the  conductors  of  6  rotor  windings  hawe  O-shaped 
form  and  are  packed  so  that  are  tormed  rectangular  air  ducts  7.  Two 
conductors  form  parallel  turn;  therefore  there  is  no  insulation 
between  them.  Insulation  d  between  turns  as  the  isolation  of  9 
windings  from  the  body  of  rotor,  does  not  have  effect  on  cooling  of 
the  conductors  of  winding.  Ine  temperature  of  winding  is  determined 
by  the  temperature  of  gas  and  by  the  coefficient  of  heat  transfer 
from  copper  to  gas. 

Turbogenerators  with  internal  hydrogen  cooling  at  a  pressure  of 
gas  3  atm  (gage)  can  be  cade  to  power  to  350-400  HVA. 

In  1958  Soviet  plants  prepared  the  first  turbogenerators  with 
internal  hydrogen  cooling  in  power  on  200  BB  (235  B¥A) ,  which  will 
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enter  into  operation  into  1959- I960.  Is  conducted  work  on  the 
creation  of  even  large /coarser  turbogenerators  with  internal  hydrogen 
cooling  in  power  to  300  AW. 

Internal  hydrogen  cooling  will  be  used  also  in  the 
turbogenerators  of  snaller  power.  Is  developed  and  is  mastered  the 
new  series  of  turbogenerators  wata  internal  hydrogen  cooling  with  a 
power  of  30  MW  (37.5  MVA)  and  above  (type  T¥F,  where  9*  -  the  forced 
cooling) . 


Pig.  22-5.  Diagrams  of  the  slots/yrooves  of  turbogenerator  with 
internal  hydrogen  cooling,  a)  the  slot/groove  of  the  stator;  b)  the 
slot/groove  of  rotor.  1  -  conductors  of  the  stator  winding;  2  - 
insulation;  3  -  air  ducts;  4  -  sheet  of  the  core  of  the  stator;  5  - 
key;  6  -  conductors  of  the  rotor  winding;  7  -  air  ducts;  8  - 
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insulation;  9  -  sleeve;  10  -  key;  11  -  body  of  rotor.  | 

Page  347. 

The  turbogenerators  of  new  series  have  s nailer  overall  sizes  and 
weigh  to  30-35o/fc  less  than  turbogenerators  with  the  surface  hydrogen  j 

H  i 

cooling  of  series  TV 2  [^22-9].  J 

/ 

t 

I  . 

The  internal  liquid  cooling  of  the  windings  of  eachine  provides 
good  heat  reeoval  and  it  makes  it  possible  to  substantially  decrease 
the  overall  sizes  and  the  weight  of  turbogenerators  and  to 
considerably  increase  their  ultimate  capacity.  As  the  cooling  fluid 
it  is  possible  to  utilize  transformer  oil  or  distilled  water. 

I  ' 

t 

Cooling  efficiency  by  liguid  characterize  the  following  data: 
the  cooling  capacity  of  transformer  oil  approximately/exenplarily 
into  7,  and  water  approximately/exenplarily  16  times  the  more  than 
cooling  capacity  of  hydrogen  at  a  pressure  2  atm  (gage),  or 
respectively  into  21  and  90  times  more  in  comparison  with  the  cooling 
capacity  of  air  at  atmospheric  pressure. 

It  is  interesting  to  note  that  the  effectiveness  of  internal  I 

hydrogen  cooling  is  conpareu  with  the  effectiveness  of  oil  cooling  ■ 

only  under  creation  condition  m  machine  frame  of  the  overpressure  of  I 
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gas  on  the  order  of  5-6  ata (gage)  £^22-5].  However,  at  such  pressures 
appear  serious  difficulties  in  the  relation  to  the  guarantee  of 
aechanical  strength  and  airtigntness  of  housing  and  creation  of 
proper  multiplexing. 

The  use  of  a  liquid  for  cooling  the  rotor  is  connected  with  soae 
structural/design  difficulties.  In  connection  with  this  can  be  aade 
the  nixed  cooling  system:  tne  liquid  cooling  of  the  stator  winding 
and  the  internal  hydrogen  cooling  of  the  rotor;  steel  of  stator  is 
cooled  by  hydrogen. 

with  internal  liquiu  cooling  the  stator  windings  the  latter 
perforn  froa  the  hollow  rectangular  copper  conductors,  within  which 
circulates  the  liquid,  oi  insiae  rods  the  stator  windings  enbed  the 
thin-walled  steel  tubes  over  which  flows/occurs/lasts  the  liquid  (it 
is  similar  to  channels  3  for  gas  in  Fig.  22-5a).  On  both  ends/faces 
of  the  stator  the  channels  indicated,  over  which  flows/occurs/lasts 
the  liquid,  are  united  by  the  collector  rings,  connected  by 
conduits/manifolds  with  tank  and  pump,  which  supports  the  permanent 
circulation  of  liquid  in  the  channels  of  winding.  In  order  that  the 
liquid  not  penetrate  in  machine  frame,  the  pressure  of  it  must  be 
less  than  the  gas  pressure  in  housing. 


Calculations  show  that  with  liquid  cooling  can  be  created  the 
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turbogenerators  in  power  to  500-600  HVA  in  unity,  and  possibly,  and 
large/coarser. 

Soviet  plants  project/design  and  conduct  preparation  for  the 
production  of  turbogenerators  300  84  and  larger  power  with  the  water 
cooling  of  stator  and  the  internal  hydrogen  cooling  of  rotor,  and 
also  with  the  water  cooling  or  noth  stator  and  rotor. 

It  is  possible  that  subsequently  the  internal  liquid  cooling,  as 
substantially  decreasing  the  overall  sizes  and  the  weight  of  Machine, 
will  be  applied,  also,  id  the  machines  of  smaller  power. 

22-3.  Driving  circuits. 

The  excitation  of  each  alternator  in  the  majority  of  the  cases 
is  realized  from  separate  direct-current  generator,  called  driver. 

The  armature  of  excitation  either  is  fit/mounted  shaft  butt  end  of 
the  rotor  of  machine  or  has  its  separate  shaft,  connected  by  clutch 
with  the  rotor  shaft  of  machine. 

As  drivers  are  applied  the  direct-current  generators  with 
parallel  (shunt)  excitation  (Fig.  22-6).  The  power  of  driver  composes 
0. 25-1o/o  and  somewhat  aore  than  (for  small  machines)  the  power  of 
the  synchronous  machine  (see  facie  p-i  and  p-3)  .  Nominal  voltage  of 
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drivers  usually  65-450  V  (tor  saall  aachines  -  less  than  65  v,  but 
for  very  large/coarse  ones  -  aor*  than  450  V  ;  for  exaaple,  the 
noainal  voltage  of  the  drivers  of  the  hydraulic  generators  of  the 
Volga  hydroelectric  power  plant  ia.  V.  I.  Lenin  accept  by  800V). 

The  systea  of  the  excitation  of  aachine  aust  be  aade  with 
naxiaua  reliability.  To  inadaissibly  utilize  a  driver  for  other  any 
purposes  besides  excitation. 
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Fig.  22-6.  Schematic  diagram  or  tue  dynamoelectric  excitation  of 
synchronous  machine. 

Page  348. 


Fig.  22-6  gives  normal  driving  circuit  of  alternators  and 
compensators.  In  the  circuit  or  tae  excitation  winding  of  driver  2  is 
connected  shunt  rheostat  J,  wnich  uses  for  manual  field  control  of 
machine  (coil  current  of  rotor  1). 

Ammeter  4  serves  for  the  control/checking  of  the  load  of  the 
circuit  of  rotor.  The  field  current  of  average/mean  and  large/coarse 
machines  usually  is  sufficiently  great;  therefore  ammeter  4,  as  a 
rule,  they  connect  across  shunt  5.  Voltmeter  6  makes  it  possible  to 
monitor  a  change  in  the  voltage  of  the  driver  when  launching/starting 
the  machine;  it  use  also  during  tne  determination  of  power 
consumption  per  excitation  machines. 
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In  energizing  circuits  or  safety  fuses  they  do  not  install, 
since  during  the  use  of  a  driver  only  according  to  straight/direct 
designation/purpose  its  unforeseen  overloadings  are  impossible,  but 
short  circuits  upon  the  precisely  executed  connection  of  driver  to 
the  brushes  of  rotor  little  are  probable. 

As  a  result  of  the  large  rate  the  rotations  of  turbogenerators 
in  operation  take  the  place  of  the  damage  of  their  drivers  (mainly 
collectors/receptacles).  Therefore  on  power  plants  with 
turbogenerators  compulsorily  is  provided  for  the  stand-by  excitation, 
which  allows  in  the  case  of  damaging  the  working  driver  of  generator 
to  rapidly  transfer  the  reed  of  uis  excitation  winding  to  stand-by 
driver  without  the  cutof f/disconnection  of  turbogenerator. 

As  stand-by  driver  is  installed  the  direct -current  generator, 
led  to  rotation  by  asynchronous  squirrel-cage  motor. 

On  hydroelectric  power  plants  at  a  comparatively  low  speed  the 
rotations  of  the  hydraulic  generators  of  the  damage  of  drivers  are 
very  rare;  therefore  stand-by  excitation  on  them  usually  does  not 

Jf 

provide  for  £3-2  and  2  2—  1 J . 
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If  turbogenerator  lost  excitation  as  a  result  of  any  reason,  not 
requiring  its  immediate  cutoit/disconnection  (for  example,  with  the 
erroneous  cutoff/disconnect ion  of  driver,  the  incorrect  turn  of  wheel 
of  shunt  rheostat,  break  in  energizing  circuit  of  driver,  etc.),  then 
it  can  short-term  (to  30  ain)  work  in  asynchronous  mode/conditions, 
continuing  to  bear  certain  active  load  and  consuming  from  network 
reactive  power  for  magnetization. 


The  possibility  of  tne  work  or  turbogenerator  with  refusal  of 
excitation  is  explained  by  the  tact  that  during  asynchronous 
mode/conditions  in  the  damping  circuits  of  rotor,  and  if  excitation 
winding  is  locked,  then  aiso  in  it  are  induced  currents,  as  in  the 
rotor  of  asynchronous  machine,  and  generator  works  as  induction 
generator  (rotor  rotates  with  speeu  somewhat  larger  synchronous). 
After  the  elimination  of  tne  reason,  which  caused  the  refusal  of 
excitation,  or  switching  to  stand-by  driver  is  restored  the  normal 
excitation  of  generator  auu  smoothly  it  is  pulled  into 
synchronism.  The  aforesaid  is  not  related  to  hydraulic  generators, 
turbogenerators  with  wire  omdings,  or  to  the  generators  whose  tests 
showed  the  inadmissibility  of  asynchronous  mode/conditions.  These 
generators  with  refusal  of  excitation  should  be  immediately 
disconnected  from  network. 


In  recent  years  increasing  use/application  finds  also  the  ionic 


/&! 

excitation  of  synchronous  machines,  i.e.,  the  excitation  by  their 
rectified  current  of  different  converters  of  the  variable/alternating 
current  to  direct:  mercury  rectifiers,  ignitrons,  dry  rectifiers, 
and  so  forth.  This  excitation  system  possesses  certain  substantital 
advantages  in  comparison  with  a  dynamo  electric  system.  Thus,  with 
damage  in  the  system  which  is  accompanied  by  a  deep  -’-eduction  in 
voltage,  ionic  excitation  provides  a  more  rapid  automatic  change 
and  a  higher  value  of  excitation  current  and,  consequently  of  the  emf 
of  the  generators  which  increases  considerably  the  stability  of 
their  multiple  operation. 

As  a  result  of  the  great  operating  reliability  and  the 
possibility  of  the  rapid  replacement  of  any  element  of  the  system 
of  ionic  excitation  is  not  required  the  device/equipment  of  stand-by 
excitation . 

It  is  especially  expedient  to  apply  ionic  excitation  in 
powerful/thick  synchronous  machine  s with  the  high  currents  of 
excitation.  It  suffices  to  indicate  that  in  the  turbogenerators  with 
a  power  of  200  MW  with  internal  hydrogen  coolinp-  the  field  current 
reaches  1750-1900  A,  and  in  more  powerful/thick  machines  even  3000  A. 

It  is  logical  that  to  remove/take  such  currents  with  the 
collector/receptacle  of  high-speed  driver  is  very  difficult;  it  is 
difficult  to  ensure  reliable  to  both  such  powerful/thick  drivers. 
Therefore  powerful/thick  turbo-  and  hydraulic  generators  and 
synchronous  condensers,  as  a  rule,  will  be  manufactured  with  ionic 
excitation . 

Let  us  become  acquainted  briefly  with  two  systems  of  the  ionic 
excitation;  system  of  separate  excitation  and  system  of 
self-excitation  [^2-10  and  22-11]. 

System  of  the  independent  ionic  excitation  (Fig.  22-7a).  On  one 
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shaft  with  the  main  generator  G  are  established/installed  auxiliary 
polyphase  alternator  VG  and  its  driver  VVG  (shunt  self-excited 
oscillator,  adjusted  by  snunt  rheostat  ShR) .  Auxiliary  generator 
supplies  the  rectifying  aevice/equipment  V,  from  which  the  rectified 
current  enters  the  winding  of  the  rotor  of  generator  G. 

Page  349. 

Advantages  of  this  system  or  the  excitation:  the  independence  of 
excitation  system  from  the  mode/conditions  of  the  work  of  generator 
and  station  as  a  whole,  simplicity  of  fulfillment,  comparatively 
small  area,  necessary  for  positiomm/ar ranging  the  equipment. 
Deficiencies/lacks:  the  presence  ot  auxiliary  generator  and  its 
driver. 

The  system  of  self-excitation  (Pig.  22-7b)  is  realized  with  the 
feed  of  rectifying  device/equipment  V  directly  from  the 
terminals/grippers  of  alternator  G  through  injector  transformers  VT 
and  fundamental  transformer  T. 

With  an  increase  of  the  circuital  current  of  generator  increases 
load  voltage  of  secondary  winding  VT.  Therefore  are  provided  stable 
excitation  and  possibility  ot  a  rapid  change  in  the  field  current  of 
generator  with  emergencies  in  the  system  when  line  voltage  decreases. 
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and  circuital  current  of  generator  increases. 

-In  this  system  are  absent  the  auxiliary  rotary  machines; 
therefore  the  cost/value  of  equipment  and  its  weight  are  less. 

Deficiencies/lacks:  tae  more  compound  circuit  of  connections  and 
the  need  for  separate  source  for  the  short-term  feed  of  the 
excitation  of  generator  during  iaunching/starting. 

For  powerful/thick  turbogenerators  can  find  use  the  system  of 

separate  excitation  with  tae  machine  of  alternating  high-frequency 

current  and  the  dry-disc  rectifiers,  similar  to  that  given  on  Pig. 

22-7a  [42-9]. 

A 

As  the  supplies  of  power  of  the  excitation  of  small  synchronous 
machines  it  is  possible  to  utilize  the  dry-disc  rectifiers,  connected 
directly  to  the  terminals/grippers  of  the  same  generator.  Because  of 
the  absence  of  driver  are  reached  the  considerable  reduction  of 
prices  of  aggregate/unit  anu  simplification  in  the  operation  at  the 
sufficiently  high  reliability  of  excitation  system. 

22-4.  Automatic  extinction  of  magnetic  field. 

The  automatic  extinction  of  magnetic  field  serves  for  the  rapid 
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decrease  of  emf  and,  conseguently,  also  current  in  the  stator  of 
synchronous  nachine  during  internal  damages  in  it,  for  example,  short 
circuits.  For  understanding  this  let  us  turn  to  diagrams  in  Fig. 

22-8.  Let  us  assume  that  with  tne  multiple  operation  of  two 
generators  occurred  the  two-phase  short  circuit  within  generator  G-1 
(Fig.  22-8a).  Through  tne  place  oi  damage  in  it  (between  points  1  and 
2)  will  flow/occur/last  the  short-circuit  current  /  from  generator 
G-2  and  short-circuit  current  /Kl  from  the  damaged  generator  G-1.  In 
this  case  operates/wears  relaying  from  the  internal  damages  of 
generator  G-1  and  it  is  disconnected  from  network  by  switch  V-1. 
However,  also  after  this  tnrougn  the  place  of  damage  continues  to 
flow/occur/last  current  /k|  (Fig.  22-8b)  ,  since  generator  G-1  remains 
excited  and  it  continues  to  rotate.  To  reduce  the  current  /K,  to  zero 
is  possible  only  by  the  path  oi  the  rapid  decrease  of  emf  of 
generator,  that  also  is  reached  by  the  field  discharge  of  excitation. 


Jr* 

Fig.  22-7.  Schematic  diagrams  or  tne  ionic  excitation  of  synchronous 
machines,  a)  the  diagram  or  separate  excitation;  b)  the  diagram  of 
self- excitation. 
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Pig.  22-8.  Internal  short  circuit  in  generator. 

Page  350. 

Short  circuits  within  aacaines  usually  appear  through  the 
electric  arc;  therefore  tue  prolonged  course  of  fault  current  is  very 
dangerous  for  the  nachine:  are  possible  the  considerable  damages  of 
winding  and  steel  of  stator.  Inis  all  the  sore  probable  since  current 
/  can  be  sore  than  short-circuit  current  during  external  short 
circuit  (on  terninal s/grippers) ,  follows  this  of  the  fact  that  with 
enf  of  stator  changes  proportional  to  a  nunber  of  turns  of  winding. 


DOC  =  79134822 


PAGE 


and  inductive  winding  impedance  caanges  proportional  to  the  square  of 
a  number  of  turns. 

Thus,  during  internal  damages  in  machine  it  is  necessary  to  more 
rapidly  possible  disconnect  it  from  network  and  to  extinguish  its 
magnetic  field;  then  arc  in  tne  place  of  damage  rapidly  goes  out  and 
the  damage  of  machine  will  oe  small.  The  electromotive  force  of 
machine  must  be  reduced  to  such  value  at  which  the  electric  arc 
cannot  be  supported  within  macaine.  It  is  experimentally 
established/installed,  that  the  arc  in  the  place  of  short  circuit  in 
machine  goes  out  with  emf  of  less  than  500  V. 

In  accordance  with  tnat  presented  all  alternators,  compensators 
and  large/coarse  synchronous  electric  motors  are  compulsorily 
equipped  with  de vices/equipment  for  the  automatic  extinction  of 
magnetic  field.  On  Soviet  electrical  devices  widest  application  found 
two  methods  the  extincticns  of  the  magnetic  field  of  the  machines:  1) 
by  closing/shorting  the  excitation  winding  (rotor)  of  generator  of 
active  discharge  resistor  vita  tae  subsequent  cutoff/disconnection  of 
this  winding  from  driver  even  2)  with  the  aid  of  automaton  with 
arc-suppression  grating. 

The  schematic  diagram  of  device/equipment  for  an  automatic  field 


discharge  using  the  first  metaod  is  given  in  Fig.  22-9.  In  the 
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circuit  of  excitation  winding  1  are  connected  the  automatic  field 
daaper  AGP  and  discharge  resistor  r.  During  the  noreal  work  of 
aachine  contacts  3  are  locked,  and  contacts  4  are  extended;  discharge 
resistor  is  disconnected  (Fig.  22-9a)  . 


During  functioning  of  AGP  are  first  closed  contacts  4  and 
resistor/resistance  r  is  connected  in  parallel  to  excitation  winding 

1.  With  certain  delay  are  oroaen  contacts  3,  which  disconnect  driver 

2.  As  a  result  the  excitation  winding  is  closed  to  discharge 
resistor,  and  driver  is  disconnected  (Fig.  22-9b) .  Excitation  winding 
is  changed  over  to  discharge  resistor  without  chain  cleavage  how  is 
prevented  the  onset  in  energizing  circuit  of  the  dangerous  for  its 
insulation  overvoltages  which  could  arise  with  the  chain  cleavage  of 
excitation,  possessing  considerable  inductance. 
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Fig.  22-9.  Damping  of  magnetic  field  by  switching  the  excitation 
winding  of  machine  to  discharge  resistor,  a)  AGP  is  connected;  b)  AGP 
is  disconnected;  c)  a  cnange  of  the  coil  current  of  the  excitation  of 
the  generator;  d)  a  change  in  emf  of  the  stator  of  the  generator;  e) 
a  change  in  the  voltage  on  excitation  winding  (on  the  rings  of 
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rotor)  . 

Page  351. 

After  functioning  of  AGP  in  the  formed  locked  outline  the 
current  is  supported  to  tnose  pores  (it  is  shown  by  rif leaan/pointers 
in  Fig.  22-9b) ,  until  the  Magnetic  energy,  stored  up  in  the  circuit 
of  excitation  winding  and  egual  to  is  consumed  for  heating  of 
discharge  resistor  and  excitation  winding: 

1 1 3  <n 

j  iU'u  +  'W.  (22-1) 

0 

where  rH  -  field  resistance; 

L  -  inductance  of  excitation  winding; 

,  u 

',*=  ~i~  -  field  current,  which  precedes  field  discharge  (here  U  - 
load  voltage  of  driver) ; 

it  -  instantaneous  value  of  field  current,  which  changes  from 

r  -  discharge  resistor; 

tn~  the  full/total/complete  tine  of  the  extinction  of  the  sagnetic 
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field  of  Machine. 

Coil  current  of  excitation  changes  depending  on  the  tine 

constant  of  closed  circuit  T  — — ~ —  the  equation: 

'•  +  ' 


r  . 


(22-2,  a) 


which  is  graphically  shown  in  Fig.  22-9c. 


A  change  in  the  field  current  of  Machine  leads  to  the 
appropriate  decrease  of  its  ear  (Fig.  22-9d) .  After  tine  t  of  eaf  of 
the  stator  it  decreases  to  value  £r,  with  which  the  arc  goes  out  and 
the  course  of  short-circuit  current  in  machine  ceases.  Por  the 
full/total/complete  time  ot  extinction  t„  of  emf  of  stator  it 
decreases  to  certain  residual/reaanent  value  £0_.T,  it  is  which  caused 
by  remanent  magnetism  ot  Machine. 


From  formula  (22-2a)  it  is  evident  that  with  an  increase  of  the 
effective  resistance  of  circuit  (rB-(-r)  the  circuital  current  of 
excitation  attenuates  mere  rapidly,  and  the  f ull/tota 1/complete  time 
of  extinction  decreases. 


A  change  in  the  magnetic  flux,  engaged  with  the 
winding,  which  possesses  the  considerable  inductance 
induction  in  it  of  eaf  ^£=  —  ~\,  therefore  the  field 


excitation 
L,  causes  the 
discharge  of 
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machine  is  unavoidably  accompanied  by  certain  overvoltage,  the 
larger,  the  more  rapid  decreases  the  field  current,  i.e.,  the  greater 
the  discharge  resistor. 

In  normal  mode  load  voltage  of  excitation  winding  1  comprises 
—  At  the  moment  or  interrupting  the  contacts  3  of  AGP  entire 
current  /„  f lows/occu rs/lasts  tnrough  discharge  resistor  of  r  and  load 
voltage  of  excitation  winding  it  oecomes  egual  to  UK,  =  lj  (Fig. 

22-9e) .  Further  this  voltage  cnanges  exponentially: 

_ i_ 

u  —  Uue  .  (22-2$ 

The  time  constant  1  was  discussed  above. 

The  multiplicity  or  overvoltage  is  determined  by  relation 

which  greater,  the  greater  the  value  of  discharge  resistor  r. 

Certain  effect  on  tne  process  of  the  extinction  of  magnetic 
field  have  the  damping  outlines  of  the  rotor  of  synchronous  machine, 
with  a  change  of  the  magnetic  flux  of  excitation  in  the  damping 
outlines  of  rotor  appear  tne  currents,  which  create  the  magnetic 
flux,  which  supports  the  decreasing  magnetic  flux  of  excitation.  As  a 
result  this  more  slowly  decrease  magnetic  flux  excitations  and  emf  of 
stator,  i.e.,  the  time  of  field  discharge  somewhat  increases.  At  the 
same  time  decreases  overvoltage  on  excitation  winding. 
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Device/equipment  for  <in  automatic  field  discharge  must  be  aade 
so  that  with  least  possible  tine  or  field  discharge  overvoltage  on 
excitation  winding  would  not  exceed  the  value,  permitted  for  its 
insulation.  For  Soviet  machines  great  overvoltage  on  excitation 
winding  (on  the  rings  of  rotor)  usually  is  allowed/assumed  mere 
four-five  times  value  of  the  nominal  voltage  of  excitation  winding 
(,yu  <  4  -+-  5).  In  accordance  witn  this  in  devices/equipment  for  an 
automatic  field  discharge  applies  discharge  resistors  whose  value  4-5 
times  usually  exceeds  ohmic  field  resistance  of  machine,  measured  in 
hot  state  [^22-12],  In  tnis  case  tne  full/total/complete  time  of  field 
discharge  /,  usually  reacnes  6-8  s  when  order  100-250  V  . 

Page  352. 


Fig.  22-10  gives  the  rundamental  circuit  diagram  of  the 
excitation  of  machine,  to  which  is  connected  the  dismantled/selected 
above  device/equipment  rcr  the  automatic  extinction  of  magnetic 
field,  which  consists  of  tne  automatic  field  damper  AGP  and  two 
discharge  resistors  to  J  and  4.  on  the  designation/purpose  of 
discharge  resistor  to  3  it  is  shown  above.  Discharge  resistor  4, 
connected  into  the  circuit  of  the  excitation  winding  of  2  drivers  and 
normally  shortened/shorted  out  ay  contacts  7  of  AGP,  serves  for 
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warning/preventing  the  excessive  increase  in  load  voltage  of  driver 

after  its  cutoff/disconnection  from  the  excitation  winding  of 

machine.  This  increase  in  rue  voltage  all  the  more  probable  since 

daring  short  circuit  the  establisned/insta 1 led  on  generator  automatic 

field  regulator  (see  below)  it  considerably  increases  the  excitation 

of  driver.  The  value  of  tnis  resistor/resistance  is  usually  10  times 

0 

more  than  ohmic  field  resistance  ot  driver  in  hot  state  ^22-12]. 

As  AGP  is  used  the  latcneu-in  contactor  which  has  clutch  magnet 
V  fc,  electromagnet  of  trip  EZ,  tnree  main  (power)  contacts  5-7  and 
blocking  contacts  8-10. 

All  network  elements  Pig.  12-10  shows  in  the  position,  which 
corresponds  to  the  normal  worx  of  the  generator  (switching  the 
excitation  wind  of  generator  of  stand-by  driver  is  not  shown). 

During  the  damage  cf  uiacnine  operates/wears 
established/installed  on  it  relaying  (in  the  diagram  it  is  not  shown) 
and  it  actuates  auxiliary  relay  UP.  The  latter  operates/wears  and 
through  its  front  contacts  1J  closes  the  circuit  of  the  disconnecting 
electromagnet  OE  of  the  arive  ot  the  switch  V  which  is  disconnected. 
Through  back  contacts  ot  14  relays  simultaneously  are  closed  the 
circuits  of  the  electromagnet  ot  trip  EZ  and  clutch  magnet  VE.  The 
latter  will  somewhat  mix  the  movable  system  of  contactor  to  sides 
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"on"  (to  the  left  on  diagram) ,  wnich  decreases  pressure  trip  12, 
after  which  magnet  core  EZ  is  pulled  inside  its  coil  and  trip  12  is 
displaced  upward*  ^n  this  case  contacts  9  they  disrupt  the  circuit  of 
electromagnet  VE,  after  which  under  spring  effect  1 1  of  AGP  it  is 
disconnected  (movable  system  of  contactor  is  moved  on  diagram  to  the 
right).  Are  first  closed  mam  contacts  5,  and  then  are  broken 
contacts  6  and  7.  During  interrupting  of  the  latter  into  energizing 
circuit  of  driver  is  introduced  resistor/resistance  to  4,  which 
decreases  the  field  current  of  driver.  Are  simultaneously  broken 
blocking  contacts  8,  whicn  disrupt  the  circuit  of  electromagnet  EZ, 
and  contacts  10  are  closed,  than  the  circuit  of  electromagnet  VE  it 
prepares  for  the  subsequent  process/operation  of  start  of  AGP. 

Is  provided  remote  control  or  AGP  with  the  aid  of  the  key/wrench 
of  control  KU.  In  the  diagram  is  shown  the  simplest  pushbutton 
key/wrench  of  control.  Start  of  AGP  is  realized  by  a  pushing  of  the 
knob  V,  through  which  is  closed  the  circuit  of  clutch  magnet  VE.  Is 
remotely  AGP  disconnected  by  unob/outton  0  (cutoff/disconnection 
occurs  in  the  same  order,  as  with  automatic  cutoff/disconnection 
under  the  action  of  relaying) . 

The  signaling  of  position  of  AGP  (in  the  diagram  in  Fig.  22-10 
it  is  not  shown)  usually  is  realized  by  two  tubes  (it  is  connected, 
it  is  disconnected) whose  circuits  are  changed  over  by  supplementary 
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blocking  contacts,  siaiiar  to  the  circuits  of  signal  laaps  in  the 
diagraa  of  electronagnetic  actuator  in  Pig.  18-11. 

The  dismantled/selected  deva.ee/equipment  of  AGP  can  be 
performed,  also,  with  the  two-pole  chain  cleavage  of  the  excitation 
winding  of  machine. 

On  small  generators  and  synchronous  electric  aotors  apply  the 
entreated  device/equipment  of  AGP  with  introduction  the 
resistors/resistances  only  to  energizing  circuit  of  driver. 

A  large/coarse  def rcrency/iacit  in  the  examined  device/equipaent 
for  the  automatic  extinction  or  magnetic  field  is  the  considerable 
time  of  extinction  and,  consequently,  also  the  tiae  of  the 
liquidation  of  internal  damages  rn  machine. 
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Fig.  22-10.  Fundamental  circuit  diagram  of  the  excitation  of  machine 
with  the  automatic  extinction  of  magnetic  field  by  switching 
excitation  winding  to  discharge  resistor. 

Key:  (1),  From  the  relay  of  tue  protection  of  generator.  (2).  From 

\  \ 

storage  battery.  ' 


Page 
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In  connection  with  this  in  recent  years  ever  more  wide  application 
obtains  the  second  method  of  the  extinction  of  magnetic  field  with 
the  aid  of  the  automata  with  arc-suppression  gratings,  developed  at 
plant  "electric  power"  [^14-1,  14-2  and  22-14], 
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Fig.  22-11  gives  tne  schematic  diagram  of  this  method  of  field 
discharge.  Automaton  consists  of  working  1  and  arc-suppression  2 
contacts  and  arc-suppression  gratings  2  with  copper  plates  4  and 
shunting  ohmic  resistances  b.  Furthermore,  in  automaton  are  permanent 
magnets,  not  shown  in  tne  diagram,  which  create  the  transverse 
magnetic  field  H. 

With  the  cutoff /disconnect  ion  of  automaton  first  are  broken  the 
make  contacts  of  1  automata  (Fig.  22- 11a),  and  then  after  the  small 
time  its  arcing  contacts  2.  Tne  electric  arc,  which  appears  on  arcing  ( 
contacts  under  cross-magnatizing  effect  H  rapidly  enters  into  the  ( 

arc-suppression  grating  whose  copper  plates  cut  it  into  the  | 

series/row  of  short  arcs. 

Voltage  on  short  arc  m  essence  is  determined  by  the  sum  of 
cathode  and  anode  drops  and  over  a  wide  range  of  currents  retains  the 
constant  value,  which  doeo  not  depend  on  the  value  of  circuital 
current. 

With  the  comparatively  nttle  heated  copper  electrodes  voltage 
on  short  arc  Ut  a  *  20  25  \/ •  Therefore  with  n  gaps/intervals  between 

the  platps  of  arc-suppression  grating  the  common  voltage,  necessary 
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for  arc  maintenance  in  the  granny  of  automaton,  comprises 

Thus,  at  the  moment  of  the  entry  of  arc  into  the  grating  of 
automaton  voltage  on  it  immediately  grows/rises  to  value  UM  and 
virtually  it  remains  constant/invariable  to  arc  extinction,  after 
which  it  decreases  to  the  value,  equal  to  emf  of  the  driver 
(energizing  circuit  of  generator  is  brought). 

Voltage  U  is  directed  ayainst  the  voltage  of  driver;  therefore 

A 

circuital  current  of  the  excitation  of  generator  decreases  and  the 
more  rapid,  the  greater  voltage,  i.e.,  the  greater  a  number  of  plates 
of  the  grating  of  automaton.  With  small  ohmic  field  resistance  of 
current  generator  in  its  circuit  changes  rectilinearly  from  /  to 
zero  (Fig.  22-1 1b).  With  reduction  in  current  of  excitation  decreases 
emf  of  generator. 

Voltage  on  the  winding  (on  rings)  of  rotor  (on 
terminals/grippers  a  ana  u)  in  normal  mode  is  equal  to  voltage  Un  of 
driver,  with  striking  cr  tna  arc  in  the  grating  of  automaton  this 
voltage  changes  its  sign  and  becomes  equal  to  Uv~Uu  —  UM,  and  after 
arc  extinction  in  gratiny,  i.e.,  tne  end  of  the  process  of  field 
discharge,  it  drops  to  zero  (Fig.  22- 11b). 


An  increase  in  the  numner  or  plates  of  the  arc-suppression 
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grating  of  automaton  leads  not  only  to  the  acceleration  of  the  field 
discharge  of  machine,  but  also  to  an  increase  in  the  voltage  on 
arc-suppression  grating,  out  tnereoy  also  to  an  increase  in 
overvoltage  Uu  on  the  excitation  winding  of  generator.  Therefore  a 
number  of  plates  of  grating  is  selected  from  this  calculation  that 
the  overvoltage  on  the  excitation  winding  of  machine  would  not  exceed 
four-,  quintuple  value  of  nominal  voltage.  Under  this  condition  the 
full/total/complete  time  of  field  discharge  with  the  use  of  an 
automaton  with  arc-suppression  grating  proves  to  be  6-10  times  of 
less  than  the  full  of  time  extinction  with  closing/shorting  of 
excitation  winding  to  discuarge  resistor  (on  diagram  in  Fig.  22-9)  . 

With  a  large  number  of  short  arcs  in  arc-suppression  grating 
always  can  be  created  sucu  conditions,  under  which  one  of  the  arcs  is 
deionized  more  rapidly  than  otners.  However,  the  extinction  of  arc  in 
one  of  the  gaps/intervais  leads  to  the  simultaneous  extinction  also 
of  all  other  arcs,  and  consequently ,  to  rapid  reduction  in  current  to 
zero  and  considerable  overvoltage  in  circuit. 


Fig.  22-11.  Extinction  ot  magnetic  field  with  the  aid  of  automaton 
with  arc-suppression  grating,  a)  tne  schematic  diagram;  b)  a  change 
in  the  field  current  and  voltage  on  excitation  winding  (on  the  rings 
of  rotor? . 

Page  3  54  . 

For  warning/pre  venting  tne  overvoltages  indicated  in  parallel  to 
the  sections  of  arc- su ppression  grating  are  connected  backs-out 
resistor  (5  in  Fig.  22-11a>.  Tne  arc,  shunted  by  resistor /resistance, 
goes  out  at  that  momen t/torg ue  when  arcs  currents  and  back-out 
resistor  become  equal.  Ihe  arc,  shunted  by  smaller 

resistor/resistance,  goes  out  earlier  than  the  arc,  shunted  by  high 
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resistor/resistance.  By  tne  appropriate  selection  of  backs-out 
resistor  they  attain  the  specific  sequence  of  arc  extinction  in  the 
sections  of  grating.  3y  tue  latter  go  out  the  arcs  between  those 
plates  which  do  not  have  backs-out  resistor. 

The  resistors/resistances,  which  shunt  the  sections  of 
arc-suppression  grating,  uarely  manifest  themselves  the  duration  of 
field  discharge. 

The  fundamental  circuit  diagram  of  the  excitation  of  machine 
with  the  use  of  an  automaton  ut  the  type  AGP-1  is  given  in  Fig. 
22-12.  Switching  the  excitation  winding  of  generator  of  stand-by 
driver  is  not  shown.  Position  01  all  network  elements  is  given  with 
the  normal  work  of  generator. 

Automaton  is  equipped  with  electromagnetic  actuator  of  the  type 
PS-10  with  switching  on  VE  and  disconnecting  OE  by  electromagnets. 
Furthermore  AGP-1  has  tne  disconnecting  release  whose  electromagnet 
EOR  in  the  electrical  circuit  of  control  is  connected  in  parallel 
with  OE  of  drive.  The  time  of  actio*  of  release  -  order  0.04-0.06  s, 
i.e.,  is  lass  than  the  time  or  action  OE  of  drive  PS- 10.  Therefore 
virtually  AGP-1  is  disconnected  under  the  action  of  release,  and 
disconnecting  electromagnet  OE  or  drive  it  appears  as  reserve  to 


release 
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Automaton  AGP-1  has  omy  one  pair  of  main  contacts  3  (contacts 
5-7  -  blocking);  therefore  ror  snorting  of  resistor/resistance  to  4 
in  energizing  circuit  of  driver  is  established/installed  special 
contactor  K ,  with  normally  closed  contacts.  With  cutoff/disconnection 
of  AGP-1  through  its  blocking  contacts  6  is  closed  the  circuit  of  the 
holding  magnet  of  contactor  K,<  wnose  contacts  are  broken,  and 
resistor/resistance  to  4  is  introduced  into  energizing  circuit  of 
driver.  Upon  start  of  AGP-l  contacts  6  are  broken,  contactor  K.  is 
disconnected  and  shunts  rasistor/resista nee  to  4.  The  diagram  of 
control  of  electromagnetic  actuator  is  made  so,  as  this  was  shown  in 
Fig.  18-11  (signal  lamps  in  tne  diagram  Fig.  22-12  was  not  show).  In 
other  respects  the  diagram  in  Fig.  22-12  explanations  does  not 
require. 

In  certain  cases  tne  diagram  of  control  of  automaton  AGP-1  is 

performed  so  that  it  would  oe  disconnected  only  during  functioning  of  | 

| 

relaying.  With  all  operating  cutot ts/d isconnections  of  machine  AGP-1  j 

it  remains  connected,  and  field  discharge  is  realized  only  with  the  j 

j 

aid  of  contactor  K,,  by  the  introduction  of  resistor/resistance  to  4 
to  energizing  circuit  cf  the  driver  (supplementary  indications  about  j 

the  execution  of  driving  circuits  of  generators  with  use  for  the  I 

field  discharge  of  automata  w±tn  arc- suppression  gratings  are  j 


f 
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presented  in  $  22-6,  also,  in  tfig.  22-20) . 

The  arc-suppression  gratings  of  an  automaton  of  the  type  AGP-1 
are  made  from  the  copper  disxs  with  a  thickness  of  2  mm,  mounted  to 
the  isolated/in^ulat ed  steel  cylinder  with  the  gaps/intervals  between 
the  disks,  equal  to  1.5  mm. 

Through  every  10-11  plates  between  disks  are  placed  the  coils, 
about  which  flow  arc  currant  arter  its  entry  into  grating.  These 
coils  create  radial  magnetic  rield.  Short  arcs,  after  catching  into 
this  field,  start  up  around  tne  axis  of  grating.  The  rapid 
displacement/movement  or  arcs  prevents/warns  the  surface  melting  of 
plates  in  the  process  of  field  discharge. 


The  arcing  contacts  of  automaton  are  equipped  with  caps  of  the 
cermet  connection  tungsten  -  silver.  All  this  provides  high 
reliability  of  the  work  of  automata  of  the  type  AGP-1.  The  rated 
current  of  these  automata  -  to  J000  a. 


J 
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Fig.  22-12.  Fundamental  circuit  uiagram  of  the  excitation  of  machine 
during  the  use/a pplication  or  an  automaton  of  damping  of  a  field  of 
the  type  AGP-1. 

Key:  (1).  From  the  relay  or  tne  protection  of  generator. 

Page  355. 

At  present  all  Soviet  uacnines  with  a  power  of  30-50  MM  and  are 
above  supplied  with  the  automatic  field  dampers  with  arc-suppression 
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gratings. 

At  plant  "Electric  toner”  is  developed  and  is  mastered  the 
series  of  the  automatic  field  dampers  with  arc-suppression  gratings, 
calculated  for  rated  currents  1o0,  300,  600,  1200  and  2400  a.  Such 
automatic  field  dampers  mil  oe  applied  on  all  small  ones  and 
large/coarse  turbo-  and  hydraulic  generators  of  all  power  to  200  MW 
inclusively.  The  automatic  field  dappers  of  new  series  are 
considerably  simpler  s tructuraily/constructurally,  have  substantially 

smaller  sizes/dimensions  in  comparison  with  automata  of  the  type 

/ 

AGP- 1  and  it  is  very  reliable  j7l4-2]. 

A 

22.5.  Automatic  field  control. 

As  noted  earlier,  for  increasing  the  reliability  of  the 
nourishment  of  users  high  value  nas  voltage  recovery  rate  after  the 
cutoffs/disconnections  of  short  circuits.  It  was  noted  also  that  for 
increasing  the  stability  of  tae  multiple  operation  of  generators  and 
stations  of  system  in  snort  circuits  th»  vital  importance  has 
increase  emf.  To  achieve  tnat,  etc.  with  the  aid  of  manual  field 
control  by  rheostats  is  impossible.  Therefore  they  resort  to  the 
devices/equipment  of  automatic  field  control  which  under  normal 
conditions  facilitate  tne  work  of  attendant  personnel  on  the 
maintenance  of  the  assignaa  voltage  on  the  busbars  of  installation 
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and  the  distribution  of  reactive  load  between  machines,  but  during 
short  circuits  they  automatical ly  increase  the  excitation  of  machines 
to  limiting  ("ceiling")  value. 

In  normal  mode  automatic  iiela  control  provides  the  maintenance 
of  the  assigned  voltage  cn  uusoars  with  oscillations/vibrations 
within  limits  of  ±,0.5-1o/o.  During  the  relatively  distant  short 
circuits  automatic  field  regulators  provide  higher  stress  level  on 
the  busbars  of  station. 

Relay  over-excitation.  The  simplest  automatic  device/eguipraent, 
which  increases  during  snort  circuits  the  excitation  of  machines  to 
certain  limiting  value,  is  relay  over-excitation  (Fig.  22-13).  This 
device/eguipment  is  made  witn  tue  aid  of  undervoltage  relay  H<, 
connected  to  secondary  winding  or  voltage  transformer  TK,  and 
single-pole  contactor  K  witn  normally  open  contacts. 

During  the  short  circuits,  which  are  accompanied  by  decrease  in 
the  voltage  on  1So/#  and  more,  unuervoltage  relay  operates/wears  and 
closes  the  circuit  of  the  electromagnet  of  contactor  K.  The  latter  is 
included  and  short  shunt  rheostat  dhR.  The  excitation  winding  of 
driver  is  included  to  tne  total  voltage  of  driver.  Circuital  current 
of  excitation  rapidly  increases,  and  load  voltage  of  driver 
grows/rises  to  the  "ceiling"  value,  which  depends  on  the  parameters 
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of  driver  and  excitation  winding  or  machine.  Simultaneously  to 
certain  maximum  value  increase  field  current  machines  and  its  emf. 

After  the  cutoff/disconnection  of  short  circuit  and  resumption 
of  voltage  undervoltage  relay  it  steaks  its  contacts,  and  contactor  K 
is  disconnected,  introducing  oy  snunt  rheostat  into  energizing 
circuit  of  the  driver:  is  rastorea  the  normal  mode  of  the  work  of 
machine. 

From  all  that  has  oeen  previously  stated,  it  follows  that  the 
relay  over-excitation  is  not  actually  voltage  regulator.  Its 
designation/purpose  is  reduced  only  to  a  maximum  increase  in  the 
excitation  of  machine  during  snort  circuits,  that  also  provides  an 
increase  in  the  stability  of  multiple  operation  and  accelerates 
resumption  of  voltage  after  tue  cutof f/d isconnection  of  short 
circuits. 


Fig.  22-13.  Relay  over-excitauou  of  machine. 

Page  3S6. 

The  device/eg ui pment  of  uvec-excitation  one  should  to  switch  on 
in  work  immediately  after  the  start  of  machine  on  network,  and 
disconnect  only  after  the  cutof t/ursconnection  of  machine  from 
network.  If  machine  is  stopped,  and  the  device/equipment  of 
over-excitation  is  not  disconnected,  then  contactor  K  remains  long 
connected,  but  rheostat  Sun  -  snortened/shorted  out,  that  it  does  not 
make  it  possibl°  to  use  txie  latter  during  launchinj/starting  of  the 
machine  (see  §22-6).  Tripping  device  over-excitations  by  knife  switch 
or  key/wrench  R ,  establisued/installed  on  panel  or  panel  of  the 
corresponding  machine  on  control  board.  Relay  over- excitation  is 
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installed  in  all  synchronous  uacnines  i 
established/installad  on  them  automatic 


ndependent  of  the  type  of  the 

0 

field  regulator  (*3-2  and 


22-11. 


Compounding  of  synchronous  machines.  At  present  on  Soviet 
installations  for  automatic  field  control  of  synchronous  machines 
most  use  extensively  the  dev  ices/e  quip  me  nt  compoundings,  developed  by 
the  series/row  of  scientific  workers  (L.  V.  Tsukernik,  S.  A. 

Lebedev),  and  also  by  tne  mortars  ror  Hoscow  and  Oral  power  systems 
and  technical  control  MLS. 

The  compounding  of  s/ncuionous  machines  is  realized  via  the 
injection  of  the  excitation  winding  of  driver  by  rectified  current 
from  current  transformers,  connected  into  the  circuit  of  stator. 
Current  is  straightened/rectineu  uy  the  selenium  rectifiers. 

The  simplest  diagram  of  compounding  is  given  in  Fig.  22-14a. 

From  current  transformers  fT,  connected  during  three  phases  of 
the  circuit  of  the  stator  or  machine,  is  supplied  three-phase 
transformer  TK  of  the  compounding  device/equipment,  to  secondary 
winding  of  which  is  connected  tne  group  of  selenium  rectifiers  V-1, 
connected  on  three-phase  midge  circuit.  Unidirectional  voltage  is 
fed/conducted  to  excitatiou  winding  OV  of  driver. 
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the  second  -  current  /  .  In  the  excitation  winding  of  driver 

mim  J 

flows /occurs/lasts  current  ito< 

The  strength  of  current  /„  depends  on  the  position  of  shunt 
rheostat  ShR. 

The  strength  of  current  /k  t  with  the  constant/invariable  load  of 
synchronous  machine  depends  on  tne  position  of  adjusting  rheostat  OR: 
with  a  change  in  the  introduceu  resistor/resistance  of  the  latter 
changes  the  value  of  the  voltage,  applied  to  transformer  TK  and, 
consequently,  also  the  value  ot  rectified  current  /Ki(M.  The  necessary 
position  of  adjusting  rheostat  l)«  is  selected  during  the  adjustment 
of  the  compounding  d evice/e g uipmen t. 

It  is  not  difficu1!  to  see  tnat  with  an  increase  in  the  load  of 
synchronous  machine  and  during  short  circuits  current  /koH  increases, 
in  consequence  of  which  increases  the  excitation  of  machine.  With  the 
decrease  of  the  load  of  macmue  current  /  decreases,  and 

KOM  W 

consequently,  decreases  its  excitation. 

Usually  is  realized  the  so-called  "normal  compounding",  which 
consists  in  the  fact  that  with  tne  shunt  rheostat, 
established/installed  in  tne  position  of  the  idling  of  machine,  an 
increase  in  its  excitation  with  t no  increase  of  load  from  idling  to 
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nominal  completely  is  provided  due  to  compounding  without  effect  on 
adjusting  rheostat. 

The  insensitivity  of  toe  compounding  device/equipment 
effect  equal  to  zero,  since  with  any  change  in  the  current 
load  of  machine  changes  its  excitation. 

Deficiencies/lacks  in  the  disuiantled/selected  device/equipment: 

1)  does  not  provide  strict  constancy  of  voltage  on  busbars  with  all 
operating  changes  in  the  road;  2)  do  not  provide  rapid  resumption  of 
voltage  after  the  cutoff /disconnection  of  sho"t  circuit,  since  after 
the  cutoff/disconnection  of  short  the  current  of  machine  decreases  to 
normal  and  decreases  the  injection  of  the  excitation  winding  of  the 
driver;  3)  do  not  provide  tue  necessary  boosting  with  relatively 
small  stable  decreases  in  tae  voltage. 

For  the  purpose  the  eliminations  of  the  deficiencies/lacks 
indicated  the  compounding  ue vice/eguipment  supplement  by  the 
electromagnetic  corrector  of  the  voltage  whose  connection  is 
schematically  shown  in  Fig.  22-14o. 

Designation/purpose  of  the  corrector  of  voltage  -  change  of 
exciting  the  synchronous  macnine  with  all  voltage  errors  from  the 
assigned  for  the  purpose  or  restoration/reduction  of  the  assigned 


is  in 
of  the 
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( 

voltage.  j 

The  corrector  of  voltago  is  supplied  frosi  the  group  of  voltage  t 
transformers  TN  through  the  adjusting  autotransforaer  DAT,  which  I 

Bakes  it  possible  during  tuning  ot  corrector  to  change  the  | 

conducted/suppliad  to  it  voltage,  corrector  supplies  the  group  of  the  j 
rectifiers  V-2,  from  whipn  rectified  current  /Kop  (current  of  | 

corrector's  output)  enters  the  supplementary  excitation  winding  OD  of  | 
driver,  creating  the  supplementary  excitation  of  driver,  and  thereby  I 
synchronous  machine  itself.  I 


The  electromagnetic  corrector  of  voltage  is  arranged  so  ^22-5  j 

and  22-16],  that  with  the  decrease  of  load  voltage  of  machine  the  j 

current  of  corrector's  output  /„op  increases,  and  vice  versa.  Thus, 
the  compounding  device/e guipmen t  with  the  corrector  of  voltage 
regulates  the  excitation  or  machine  both  depending  on  the  value  of 
its  load  and  depending  cn  tne  value  of  voltage  on  its 
terminals/grippers.  By  tne  combined  action  of  compounding  and 
corrector  is  provided  tne  maintenance  of  assigned  load  voltage  of 
aachine. 

The  value  of  the  supported  at  the  terminals/grippers  of  machine  M 
voltage  can  be  changed  witn  tne  aid  of  the  adjusting  ones  of  rheostat  I 
fJR  and  autotransforner  UAT.  Knife  switches  or  keys/wrenches  of  J9 
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control  8-1  and  R-2  serve  tor  start  and  cutoff/disconnection  of  the 
co*pounding  de vice/equipment  and  corrector  of  voltage. 

The  advantages  of  the  compounding  of  excitation  with 
electromagnetic  corrector  consist  in  the  following: 

1.  Is  provided  the  necessary  over-excitation  both  with  the 
considerable  ones  and  witn  small  overloadings  of  generator  and 
decreases  in  the  voltage. 

2.  Load  voltage  of  generator  is  supported  with  an  accuracy  to 

+.1  o/4. 

3.  Large  simplicity  and  reliaoility  as  a  result  of  absence  of 
mechanically  moving/driving  parts,  sparking  contacts,  electric  ion 
instruments. 

Page  3  58. 

In  the  case  of  short  circuit  in  immediate  proximity  of  machine 
the  voltage,  conducted/supplied  to  corrector,  and  the  current  of 
corrector’s  output  prove  to  oe  close  to  zero  and  over-excitation  is 
provided  only  due  to  compounding.  Therefore  for  the  stabilization  of 
the  multiple  operation  ct  macmnes  additionally  is  installed  relay 
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over-excitation  (Fig.  22-1J) . 

Electromechanical  automatic  voltage  regulators  have  special 
measuring  elements  which  depending  on  a  change  in  load  voltage  of 
generator  change  field  current  eitner  by  the  steady  change  in  the 
resistor/resistance,  connected  into  energizing  circuit  of  driver  or 
by  the  periodic  (several  times  per  unit  time)  closing/shorting  of 
shortly  similar  whereas  resistor/resistance.  In  the  second  case  of 
the  value  of  the  field  current  of  driver  and  coil  current  of  rotor 
the  machines  are  determined  ny  the  value  of  the  resistor/resistance 
indicated  and  by  the  relative  duration  of  the  time  interval  during 
which  this  resistor/resistance  proves  to  be  shortened/shorted  out. 

In  some  voltage  regulators  are  utilized  both  indicated  of  the 
principle  of  control  ( rheostat- vinration  regulators).  Similar 
regulators  include  the  automatic  voltage  regulator  of  the  type  SN-91, 
which  was  being  earlier  manufactured  with  Kharkov  Electrical 
Machinery  Plant  [^22-17].  All  these  regulators  possess  essential 
deficiencies/lacks  in  comparison  with  the  described  above  control 
system  of  excitation  with  tne  aid  of  compounding  with  electromagnetic 
corrector,  recommended  with  TU  MES  of  the  USSR  as  the  basic  automatic 
control  system  of  excitation  on  Soviet  power  plants.  Therefore  the 
device/equipment  of  electromechanical  automatic  voltage  regulators 
here  is  not  examined  [^22-lbJ. 
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22-6.  Start  to  multiple  operation. 

In  power  plants  is  usually  installed  several  generators,  which 
work  in  parallel  with  eaca  otaer,  and  also,  if  station  is  connected 
with  the  network  of  power  system,  then  in  parallel  and  with  system. 

i 

P 

The  multiple  operation  of  generators  provides:  1)  an  increase  in 
the  reliability  of  the  power  supply  of  the  users;  2)  an  increase  in 
the  ef f iciency/cost-ef fectiveness  of  the  operation;  3)  the  larger 
constancy  of  frequency  and  voltage  during  load  variations. 

On  the  power  plants  or  tue  USSR  app-y  two  methods  the  starts  of 
alternators  of  the  multiple  operation; 

1)  the  method  of  the  precise  synchronization  when  is  connected 
the  excited  generator  after  the  acnievement  of  the  specified 
conditions  of  synchronism,  and  l)  the  method  of  the 

self-synchronization  when  switch  on  the  unexcited  generator  with  the 

subsequent  supply  excitations  in  tue  circuit  of  rotor. 

~n  e-C  t?  J  T  y  C  <•  r>  d  <  r.  /  <?  *1  /fi"  O  f>  e?  y>  J-t  '  oV*  t  i  t  h  <T- 

cyAsr  er  &  / 1  f-v  n  j  t  /*•  >•  <?  F  phases  o  F  the-  a>i<V 

L'  ^  V'  M  f  ft  <  (■  (<  »'  VI  <  ■  v  ti  t  e  pi  s  .  ' 

The  start  of  generators  or  multiple  operation  by  the  method  of 


precise  synchronization  is  conducted  by  the  observance  of  the 
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conditions: 

1)  the  equality  of  tne  effective  values  of  the  voltages  of 
connected  and  working  generators  (or  generator  and  network);  2)  the 
equality  of  the  frequencies  of  the  connected  and  working  generators 
(or  generator  and  network);  3)  tne  phase  coincidence  of  the  same 
voltages . 

The  start  of  generator  or  multiple  operation  with  another 
generator  or  network  with  the  nonooservance  at  least  of  one  of  the 
conditions  (nonsynch ronous  start)  indicated  very  dangerously  and  can 
be  the  reason  for  the  heavy  damage  of  generators  and  disorder  of 
multiple  operation  the  previously  worked  generators.  Is  explained 
this  by  the  fact  that  upoa  the  nousynchronous  start  of  generators  can 
appear  the  very  consideraoic  cross  currents. 

Let  us  examine  the  simplest  diagram  of  the  station  of  low 
voltage,  given  on  Fig.  22-15.  Let  us  agree  that  the  generator  G- 1 
works  on  network,  and  G-2  must  ne  connected  to  it  to  multiple 
operation. 
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Fig.  22-15.  Circuit  diagram  or  zero  voltmeter  and  tubes  to  the 
extinction  (to  dark)  of  syncnromzing  unit. 

Page  359. 

If  we  to  similar/analogoiis  phases  oefore  and  after  knife  switch  8-2 
include/connect  voltmeter  and  tubes  as  this  is  shown  in  the  diagram 
then  they  will  be  located  to  rne  voltage,  equal  to  a  geometric 
difference  in  the  corresponding  phase  voltages  of  connected  and 
working  generators. 

If  generators  work  sy ncnronously  (fr.,  —  I,,/,  Ur_,~Ur3).  then  the 
vectors  of  their  phase  voltages  are  equal  in  magnitude  and  always 
they  coincide  in  phase  (fig.  2z-1ba;  then  for  ether  two  phases).  In 
this  case  geometric  voltage  Utterance  is  equal  to  zero 

0^ri— therefore  tne  connected  to  si milar/analogous 
phases  tubes  burn  will  not  ne,  but  the  arrow/pointer  of  voltmeter 
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will  stand  on  zero.  If  we  at  this  moment  include/connect  knife  switch 
B-2,  then  no  cross  current  between  generators  it  will  arise  and  the 
connected  generator  will  run  idle. 

Let  us  examine  now  tae  case  wnen  voltages  of  the  generator  are 
equal,  but  frequencies  are  not  equal  to  (Wtr U  while  /r.i^/rs) 

Under  this  condition  at  eacn  moment  of  time  the  vectors  of  the 
voltages  of  working  and  connected  generators  prove  to  be  shifted 
certain  angle  6  (Fig.  2i-lt>n).  as  a  result  of  different  frequencies 
and,  consequently,  also  tne  dirferent  angular  rates  of  rotation  of 
the  vectors  of  voltages  (u=2vi.)  ,  tne  angle  6  indicated  continuously 
changes  from  0  to  130°  ana  again  to  0°.  A  geometric  difference  in 
phase  voltages  also  continuously  is  changed  in  limits  0-+-2 U^. 

Voltage  accept  to  call  the  voltage  of  beating.  Fig.  22-17 

shows  the  plotting  of  curves  or  tne  voltage  of  beating  A«(  two 
sinusoids  u4  and  u2  of  anferent  frequencies,  but  with  identical 
amplitudes.  From  this  construction  it  is  also  evident  that  the 
amplitude  of  the  voltage  of  nesting  is  changed  from  0  to  Wu.  with 
respect  to  this  and  the  art ow/poiater  of  the  voltmeter,  connected  to 
similar/analogous  phases  (Fig.  22-15),  will  oscillate  in  the  limits 
of  voltages  U  h- ‘21/^.  but  throe  tunes,  connected  on  the  same  diagram, 
will  simultaneously  be  fired  ana  go  out.  From  curves  in  Fig.  22-17  it 
is  evident  that  the  great  chrow  of  the  pointer  of  voltmeter  and  the 
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greatest  tension  of  tubes  will  oe  to  moraent/torque  1.  At 
moment/torque  2  voltage  or  nesting  ^  =  0,  tubes  go  out,  and  the 
arrow /pointer  of  voltmeter  is  estaolished/installed  on  zero. 

The  greater  the  difference  in  frequencies  /,.  and  fri,  the  more 
frequent  go  out  and  are  fired  tne  tubes,  the  more  rapid  oscillates 
the  arrow/pointer  of  voltmeter.  On  the  contrary,  with  a  small 
difference  in  frequencies  tne  incandescence  of  tubes  it  changes 
slowly;  so  slowly  oscillates  tne  arrow/pointer  of  voltmeter. 

Let  us  note  that  tnree  tubes,  connected  to  similar/analogous 
phases,  make  it  possible  to  ciiecu  the  correctness  of  the  connection 
of  the  phases  of  the  connected  generator.  Upon  the  correct  connection 
of  phases  all  three  tubes  simultaneously  light  up  and  go  out.  In  the 
installations  of  high  voltage  the  tubes  switch  on  through  voltage 
transformers. 

The  inclusion  of  generator  into  the  moment/torque  when  the 
vectors  of  the  voltages  cf  connected  and  working  generators  are  out 
of  phase,  leads  to  that,  tnen  tn«  generator,  which  rotates  with 
certain  lead/advance,  sends  current  into  another  generator,  which 
rotates  with  delay.  Vector  diagram  in  Fig.  22-16b  exactly  corresponds 
to  the  case  of  the  inclusion  of  generator  G-2  at  the  moment  of  vector 
divergence  of  voltages  on  an gia  i>  (rotor  of  generator  G-2 
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anticipated/led  of  angle  6  tne  ioior  of  generator  G-1). 

At  the  moment  of  start  there  is  voltage  difference  A U  By  the 
value  of  this  voltage,  and  also  oy  the  value  cf  the  internal 
resistor/resistance  of  generators  is  determined  the  value  of  the 
cross  current,  which  appears  in  generators. 


DOC  =  79134822 


PACE 


'of- 1 

M) 


Fig.  22-16.  Vector  diagrams  «itu  different  cases  of  the  start  of 
generators  of  multiple  operation. 


Fig.  22-17.  Plotting  of  curves  of  voltage  of  beating  A‘«*. 
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(page  360,]  Under  the  action  of  voltage  generator  G-2 

(anticipating/leading)  will  send  current  into  generator  G-1.  since 
active  armature  resistance  of  alternator  is  snail  in  comparison  with 
its  inductive  resistor /resistance,  then  the  current  of  second 
generator  lags  behind  to  angle,  close  to  90°.  Respectively 
current  in  first  generator  V»  anticipates /leads  to  the  same 

angle. 


Por  generator  G-2  current  /  is  the  current  of  load,  which 
creates  braking  couple,  proportional  to  its  active  component  Por 

generator  G-1  current  Vi  is  current  engine,  which  create  the 
accelerating  torgue,  proportional  to  its  active  component  ^*r-i  • 

However,  The  instantaneous  appearance  of  a  cross  current  creates 
instantaneous  (in  the  form  of  jerk/ia pulse)  a  change  in  the  speed  of 
rotation  of  the  aggregates/units:  generator  G-2  sharply  brakes,  but 
generator  G-1  begins  to  rotate  more  rapidly.  It  is  logical  that  in 
this  case  are  possible  the  mecnanical  damages  of  generators  and  their 
primary  motor/engines.  Furthermore,  large  cross  current  creates 
considerable  electrodynaaic  ef torts/forces  in  the  windings  of 
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generators. 

with  the  inequality  of  oscillator  frequencies  can  be  connected 
in  the  presence  of  any  vector  divergence  of  voltages  l/,..,  and  UT3.  it 
is  obvious  that  the  greatest  cross  current  appears  upon  the  inclusion 
at  soaeat  of  4=180°,  when  tne  vectors  of  voltages  are  directed 
contrarily  =  2 U^).  Appearing  at  this  moment  cross  current  2  tines 
exceeds  iapact  current  during  three-phase  short  circuit  on  the 
outputs  of  generator.  This  currant  represents  large  danger  for  the 
windings  of  generators. 

Instrunents  and  diagrams  for  the  start  of  generators  using  the 
aethod  of  precise  synchronization.  The  synchronization  of  generator 
consists  in  a  change  in  its  excitation  and  speed  of  rotation  of 
primary  motor/engine  for  tne  purpose  of  the  achievement  of  conditions 
indicated  above  for  multiple  operation. 

Equalities  voltages  attain  oy  current  control  of  the  excitation 
of  the  synchronized  generator.  Equality  voltages  is  monitored  on  two 
voltaeters  one  of  which  shows  lead  voltage  of  the  synchronized 
generator,  and  by  the  second  -  a  voltage  on  the  collecting  aains  of 
station  or  the  termi nals/grippers  of  the  working  generator. 

Equalities  frequencies  attain  by  controlling  the  speed  of 
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rotation  of  priaary  motor/engine  of  the  synchronized  generator.  For 
this  directly  from  control  board  with  the  aid  of  electrical  remote 
regulator  is  changed  the  intake  of  steam  into  steaa  turbine  or  eater 
into  hydraulic  turbine.  Mith  the  impossibility  to  remotely  change 
steam  admission  or  water  into  primary  aotor/engine  is  utilized  the 
enginerooa  telegraph  with  the  aid  of  which  are  supplied  the  signals 
"to  add"  and  "to  diminish"  into  machine  room.  Equality  frequencies  is 
monitored  on  two  frequency  meters  one  of  which  shows  the  frequency  of 
the  synchronized  generator,  and  by  the  second  -  frequency  on  the 
collecting  mains  of  station  (working  generator) . 

Phase  displacement  of  tne  voltages  of  synchronized  and  working 
generators  (or  network/grid)  is  monitored  with  the  aid  of  the  various 
kinds  of  the  phasemeters  as  whica  it  is  possible  to  utilize 
incandescent  lamps,  zero  voltmeters  and  synchroscopes.  According  to 
these  instruments  is  installed  the  moment/torque,  when  the  voltages 
of  synchronized  and  working  generators  (or  network/grid)  coincide  in 
phase. 


Synchronization  only  witn  tne  aid  of  some  tubes,  connected  to 
similar/analogous  phases,  i.e.,  to  extinction  at  the  moment  of  the 
synchronism  (start  to  dark  -  see  Fig.  22-15),  it  is  very  inadequate 
as  a  result  of  the  impossibility  to  accurately  trap  the  moment/torque 
of  synchronism. 
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Is  considerably  sore  precise  synchronization  with  the  aid  of  the 
zero  voltaeter,  connected  to  sisilar/analogous  phases  (V0  in  Pig. 
22-15):  generator  is  connected  m  the  eoaent/torgue  when  the 
arrow/pointer  of  zero  voltaeter  slowly  approaches  zero.  A 
deficiency/lack  in  the  synchronization  on  zero  voltaeter  is  the  fact 
that  its  arrow/pointer  is  deflected  to  one  and  the  sane  side 
regardless  of  the  fact,  does  rotate  the  synchronized  generator  aore 
rapid  or  slower.  In  othei  words,  zero  voltaeter  does  not  give 
indication  about  how  it  is  necessary  to  regulate  the  speed  of 
rotation  of  generator. 

For  the  purpose  of  tne  facilitation  of  the  control  of  aachines 
with  synchronization  and  the  accelerations  of  the  process  of 
synchronization  apply  tne  syncnroscopes  which  not  only  aake  it 
possible  to  trap  the  phase  coincidence  of  working  and  synchronized 
generators,  but  also  show,  does  rotate  the  synchronized  generator 
aore  rapid  or  slower  than  tne  worker. 


Are  applied  electroaagnetic  and  ferrodynaaic  synchroscopes. 
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In  the  fora  of  an  exaaple  Fig.  22-18  shows  the  principle  of  the 
device/equipaent  of  electromagnetic  synchroscope.  Synchroscope 
consists  of  three  securely  fastened  coils.  Bade  froa  a  large  nuaber 
of  turns  of  thin  covered  wire.  Coils  5  and  6  are  arranged/located  at 
the  angle  to  each  other  and  surround  central  coil  1,  within  which  is 
placed  z-shaped  steel  core  2,  attached  together  with  indicating 
arrow/pointer  3  on  axis  4.  core,  arrow/pointer  and  axis  fora  the 
aoving  eleaent  of  the  instruaent. 


Coil  1  they  connect  to  the  voltage  of  the  working  generator  (or 
network/grid),  and  coils  3  and  6  -  to  the  voltage  of  synchronized 
generator.  Upon  the  start  of  synchroscope  the  currents,  flowing 
through  its  coils  1,  5  and  6,  create  three  variable/alternating 
aagnetic  fluxes,  not  cophasal  and  shifted  in  space  one  with  respect 
to  another.  These  three  flows  store/add  up  and  is  created  certain 
resulting  aagnetic  flux.  Z-shaped  core  always  is 

established/installed  along  the  axis  of  the  resulting  aagnetic  flux. 


If  generators  work  synchronously,  then  the  axis  of  the  net  flux 
occupies  the  completely  specific  position  and  the  arrow/pointer  of 
synchroscope  is  established/installed  vertically  (on  vertical 
feature)  .  With  equality  frequencies,  but  nonccincidence  of  phases  the 
arrow/pointer  is  deflected  to  certain  angle  to  that  or  other  side.  If 
frequencies  are  not  equal,  tnen  the  axis  of  the  net  flux  always  is 


DOC  -  79134823  PAGE 

displaced  (changes  phase  displacement)  and  the  arrow/pointer  of 
synchroscope  rotates  in  taat  or  other  side. 

flotation  or  displacement  of  arrow/pointer  to  the  right 
(clockwise)  attests  to  the  fact  that  the  synchronized  generator 
rotates  sore  rapid  than  the  worker  and  vice  versa.  The  switch  of  the 
synchronized  generator  should  be  switched  on  in  that  aoaent/torque, 
when  the  arrow/pointer  of  syncaroscope  slo  ly  approaches  the  vertical 
feature. 

Until  generator  is  connected  to  aultiple  operation  with  other 
generators  it  it  cannot  long  work  synchronously  with  thew  (changes 
the  speed  of  rotation  of  primary  aotor/engine) .  Therefore  during 
synchronization  it  is  not  possible  to  attain  that  the  arrow/pcinter 
of  synchroscope  (zero  voltmeter)  prolonged ly  would  stand  on  vertical 
feature  (on  zero) . 

Regulating  the  speed  of  rotation  of  the  synchronized  generator 
they  attain,  that  the  arrow/pointer  of  synchroscope  slowly  would 
rotate  in  the  direction  cf  rotation  of  the  hour  hand  (but  the 
arrow/pointer  of  zero  voltaeter  completed  slow  oscillations) .  If  they 
synchronize  the  generator  of  low  voltage,  included  by  knife  switch  or 
autoaaton  directly  on  the  distributing  frane,  then  after  waiting, 
when  the  arrow/pointer  cl  synchroscope  slowly  approaches  the  vertical 
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feature  (but  the  arrow/pointer  of  zero  voltaeter  -  to  zero)*  is 
connected  generator. 

During  reaote  control  of  generator  switch  froa  control  board,  as 
this  usually  is  in  the  installations  of  high  voltage,  one  should 
consider  that  froa  the  aoaent/torgue  of  closing/shorting  on  the 
control  board  of  the  circuit  of  tne  start  of  drive  to  the 
aoaent/torgue  of  the  beginning  of  the  contact  of  the  contacts  of 
switch  is  passed  the  tiae,  measured  by  the  tenths  of  second. 

Therefore  upon  renote  switching  should  be  closed  the  circuit  of  start 
with  certain  lead/advance,  i.e. ,  it  is  earlier  than  the  arrow/pointer 
of  synchroscope  it  will  reach  the  vertical  feature  (arrow/pointer  of 
voltaeter  to  zero) .  The  necessary  lead/advance  (lead  angle)  depends 
on  a  difference  in  the  freguencies  (speed  of  the  notion  of 
arrow/pointer)  and  the  tiae  of  action  of  switch  and  its  drive.  The 
wore  rapid  aoves  the  arr cw/pomter  and  the  greater  the  tiae  of  action 
of  drive  and  of  switch,  the  aore  must  be  lead  angle  upon  renote 
switching. 

Inadaissible  to  switch  on  generator  when  the  arrow/pointer  of 
synchroscope  (zero  voltaeter)  is  aoved  froa  vertical  feature  (froa 
zero),  stopped  at  it  (on  zero)  or  greatly  rapidly  it  approaches  it 
(to  zero)  . 
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Pig.  22-18.  Electromagnetic  synchroscope,  a  -  circuit  diagram;  b  - 
schematic  of  device/equipment. 

Key;  (1).  Synchronized  generator.  (2).  Working  generator. 

Page  362. 


Pig.  22-19  in  the  fora  of  an  example  gives  fundamental 
synchronizing  circuit  for  a  station  of  high  voltage  with  two  systems 
of  collecting  mains.  On  diagram  is  provided  the  possibility  of  the 
synchronization  of  any  of  the  generators  G- 1  and  G-2  of  collecting 
mains,  and  also  the  synchronization  of  two  sets  of  busbars  between 
themselves  with  their  ccnnection  to  multiple  operation  by 
bas-connecting  switch  ShV.  Voltage  from  the  synchronized  parts  of  the 
installation  it  is  fed/conductea  to  the  instruments  of 
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synchronization  through  the  keys/wrenches  of  synchronization  KS-1, 
KS-2  and  of  KS-3  and  busbar  of  synchronization  ShS.  In  order  to 
ensure  the  correct  synchronization  of  generator  with  that  set  of 
busbars  of  which  it  is  assuaed  it  to  include/connect,  voltage  from 
voltage  transformers  TH-1  and  TN-2  on  collecting  sains  is 
fed/conducted  to  the  key s/wrenches  of  synchronization  through  the 
blocking  contacts  of  busbar/tire  disconnectors. 

For  synchronization  is  provided  the  colusn  of  synchronization, 
which  consists  of  two  voltmeters,  two  frequency  meters  and 
synchroscope  S. 

Before  the  start  of  generator  of  multiple  operation  is  checked 
the  state  of  its  primary  circuit  and  they  connect  busbar  disconnector 
to  that  set  of  busbars  to  wnrch  they  intend  to  include/connect 
generator.  Then  aggregate/unit  turn/run  up  to  normal  speed  rotations 
and  excite  to  the  voltage,  equal  to  voltage  on  the  busbars  of  the 
station  (being  guided  by  readings  of  the  voltmeter  of  generator). 

S 

After  this  they  close  the  Key/wrench  of  synchronization  of  the 
synchronized  generator  and  thereby  is  supplied  voltage  on  the  busbars 
of  synchronization  ShS.  Voltage  from  generator  is  supplied  to  the 
busbars  of  synchronization  or.  bM  and  cr  and  froa  collecting  mains 
-  to  busbars  °ui  and  *ui- 
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Being  guided  by  readings  oi  voltaeters  and  frequency  aeters  on 
the  coluen  of  synchronization,  eore  accurately  are  regulated  voltage 
and  frequency  of  the  synchronized  generator.  Then  by  the  auxiliary 
key/wrench  K  is  connected  synchroscope  S  and  after  the  necessary 
control  of  aggregate/unit  tney  are  connected  it  the  aultiple 
operation,  as  noted  above. 

After  the  start  of  generator  is  translated  to  it  the  part  of  the 
active  and  reactive  load  froa  the  working  generators. 

If  the  collecting  aains  of  station  are  subdivided  by  autonatic 
switch,  then  additionally  is  provided  for  the  synchronization  of 
sections  with  the  start  of  sectionalizing  switch.  At  the  stations, 
connected  with  the  networK/grrd  of  the  power  systea,  is  necessary  the 
synchronization  of  station  with  systen. 

Proa  all  that  has  been  previously  stated,  it  follows  that  the 
process  of  the  synchronization  of  generators  is  sufficiently  coaplex 
and  the  nonent/torque  of  their  start  aust  be  selected  accurately. 
Honsynchronous  start  can  lead  to  the  daaage  of  aggregate/unit  or  the 
disruption  of  aultiple  operation  the  previously  worked  generators. 
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Pig.  22-19.  Fundamental  synchronizing  circuit  for  a  power  plant. 


Key:  (1).  set  of  busbars. 


Page  363. 


Precise  synchronization  is  especially  hindered/hampered  with 
eaergencies  in  the  system  wnen  current  frequency  is  variable. 


T  ' 

ror  the  purpose  the  prevention  of  the  nonsynchronous  starts  of 
generators  provides  for  the  special  relays,  which  warn  erroneous 
starts  with  synchronization,  in  certain  cases  apply  the  automatic 
synchronizers,  which  realize  noth  the  control  the  frequencies  and 
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voltages  and  inclusion  of  generator  switch  at  the  aost  favorable 
aoeent  of  synchronization  [  L,  22-15  and  22-16]. 

Start  of  generators  of  parallel  work  by  the  aethod  of 
self-synchronization.  In  recent  years  at  our  stations  use  extensively 
fundaaentally  new  method  the  starts  of  generators  of  multiple 
operation  -  the  method  of  self-synchronization.  Using  this  method  the 
unexcited  generator,  which  rotates  with  speed,  a  little  different 
froa  synchronous,  is  connected  in  network/grid  and  simultaneously  is 
supplied  excitation  into  tne  circuit  of  rotcr,  after  which  the 
generator  itself  is  pulleu  into  synchronism  [  L.  22-18  and  22-19]. 

Kt  the  moment  of  the  start  or  generator  residual  load  voltage  of 
its  stator  must  not  exceed  and  a  difference  in  the 

frequencies  of  the  netwcrk/ynd  and  generator  must  not  be  more  than 
1.5  Hz  (speed  of  rotation  of  generator  must  not  differ  from 
synchronous  more  than  by  ♦  Jo/o) .  Under  emergency  conditions  it  is 
possible  to  switch  on  generator,  also,  with  somewhat  larger 
difference  in  the  frequencies  (it  is  established/installed  for  each 
generator  in  dependence  cn  its  type  and  power  of  power  system) . 

Using  this  aethod  the  starting  process  of  generators  of  multiple 


operation  following: 
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1.  Via  cutoff/disconnection  AGP  preliminarily  extinguish 
aagnetic  field  machines  and  is  connected  its  device/equipnent  of 
automatic  field  control.  By  snunt  rheostat  in  energizing  circuit  of 
driver  must  be  located  in  normal  operating  position,  and  adjusting 
rheostat  A8V  -  in  the  position,  wnich  corresponds  to  40-60o/o  of 
nominal  load  of  generator  (1.  22-19].  The  de vice/eg uipment  of 
automatic  field  control  can  ne  also  switched  on  simultaneously  with 
the  inclusion  of  generator  into  uetwork/grid. 

If  in  generator  ARV  no  tnen  presets  by  shunt  rheostat  in 
energizing  circuit  of  driver  in  the  position,  indicated  above  for  an 
adjusting  rheostat  AFV. 

2.  With  the  aid  of  primary  aotor/engine  turn/run  up  unexcited 
generator  to  speed  rotations,  close  to  synchronous,  in  voltmeter  in 
circuit  of  stator  they  are  convinced  that  voltage  on  its 
terminals/grippers  is  equal  residual/remanent ,  and  upon  reaching  of 
difference  indicated  above  in  frequencies  of  network/grid  and 
generator  is  connected  generator  in  network/grid. 

3.  After  inclusion  of  generator  into  network/grid  immediately  is 
supplied  excitation  by  start  AGP.  Field  regulator  automatically 
increases  the  excitation  of  generator,  and  the  latter  smoothly  enters 
into  synchronism.  It  is  expedient  to  automate  start  AGP  by  the 
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closing  a  circuit  of  its  electromagnet  by  the  blocicing  contacts  of 
the  drive  of  switch. 

If  on  generator  ARV  no,  chan  immediate  after  the  start  of 
generator  is  installed  tba  required  excitation  by  hand  with  the  aid 
of  shunt  rheostat. 

4.  They  load  generator. 

At  the  aoment  of  the  inclusion  into  the  networ Ic/grid  of  the 
unexcited  generator  it  consuaes  trom  network/grid  the  considerable 
inductive  current,  which  creates  on  stator  the  rotating  aagnetic 
field  which  induces  eaf  in  the  excitation  winding  of  generator.  If 
the  latter  is  gotten  scaked,  then  induced  in  it  eaf  can  be  very 
considerable  and  dangerous  for  its  insulation.  Therefore  upon  the 
inclusion  of  generator  into  network/grid  its  excitation  winding  aust 
be  locked  to  certain  effective  resistance  by  value  which  is 
determined  overvoltage  on  excitation  winding  at  the  aoaent  of  the 
inclusion  of  generator  into  network/grid. 

If  generator  is  equipped  with  old  type  AGP  (Fig.  22-9  and 
22-10),  then  via  cutoff/disconnection  AGP  they  preliminarily  close 
its  excitation  winding  tc  uiscnarge  resistor;  in  this  case  residual 
load  voltage  of  stator,  caused  by  remanent  aagnetisa  of  machine,  does 
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not  exceed  0.2  ^r.Ho.  and  usually  are  a pproximately  100-250 

If  generator  is  equipped  with  new  type  AGP  with  arc-suppression 
grating,  for  exaaple  type  agp-1  (Fig.  22-12),  then  it  is 
preliminarily  necessary  to  include/connect  AGP-1,  after  connecting 
the  excitation  winding  of  generator  to  driver,  and  to  disconnect 
contactor  A'„-  after  introducing  tnereby  discharge  resistor  to  4  into 
energizing  circuit  of  driver. 

Page  364. 
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It  is  obvious  that  in  this  case  residual  load  voltage  of  the  stator 
of  generator  will  be  considerably  more ,  rather  than  with  old  type 
AGP,  since  its  value  will  oe  determined  no  longer  only  renanent 
■agnetisa  of  machine,  but  also  by  small  field  current  as  a  result  of 
the  fact  that  on  the  terminals/grippers  cf  driver  is  retained  certain 
voltage.  The  latter  is  caused  by  the  residual/remanent  excitation  of 
driver,  since  resistor/resistance  to  4  although  decreases  the  field 
current  of  driver,  not  to  zero. 

If  caused  by  the  reasons  indicated  residual  load  voltage  of  the 
stmtor  of  generator  does  not  exceed  permissible  maximum  value 
(see  above)  ,  then  generator  can  be  switched  on  in 
netvork/grid  by  the  methcd  of  seif-synchronization. 
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However,  powerful/thick  jenecdtors  with  the  connected  driver 
with  the  extinguished  field  usually  have  residual  load  voltage  of 
stator  sore  0,2  U in  consequence  of  which  with  the  fulfillsent  of 
energising  circuit  on  diagras  in  Fig.  22-12  then  it  is  not  possible 
to  switch  on  by  the  nethcd  of  self-synchronization.  For  these 
generators  is  applied  driving  circuit,  supplenented  special  by 

.<  -  N 

back-out  resistor  ShS  with  the  contactor  of  self-synchronization  K£C 
(diagras  in  Fig.  22-20,  which  snould  be  considered  as  the 
supplenentary  to  diagraa  in  Fig.  22-12).  With  the  normal  work  of 
generator  the  contacts  of  contactor  KSS  are  extended  and  the 
resistor/resistance  of  ShS  is  disconnected. 

Relays  R  with  tine  element  to  closing  of  contacts  (during 
de-energizing  of  its  coil)  and  clocking  contacts  8  and  9  serve  for 
control  of  contactor  KSS.  During  uanage  the  generator  and 
cutoffs/disconnections  AUP-1  blocking  contacts  8  are  broken,  but 
blocking  contacts  9  are  closea.  The  first  disrupt  the  circuit  of  the 
coil  of  relay  R  whose  contacts  are  closed,  but  with  certain  tine 
elenent  during  which  AGt-1  manages  to  disconnect  the  excitation 
winding  of  generator,  i.e. ,  to  extinguish  its  field.  Through  locked 
blocking  contacts  9  and  contacts  or  relay  R,  is  closed  the  circuit  of 

AS) 

the  electromagnet  of  contactor  ittiC  and  the  latter  closes  the  circuit 
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of  the  resistor/resistance  of  So S,  which  shunts  excitation  winding  of 
1  generators.  Generator  prepares  for  start  by  the  method  of 
self-synchronization.  The  value  of  the  resistor/resistance  of  ShS  is 
2-3  tines  sore  than  field  resistance  in  hot  state. 

Opon  start  AGP- 1  blocking  contacts  9  disrupt  the  circuit  of 
electromagnet  KSS  and  the  latter  autoaat ically  disconnects  the 
resistor/resistance  ShS. 

On  the  generators  of  saali  power  there  can  not  be  AGP.  Then  to 
the  development  of  generator  is  introduced  into  energizing  circuit  of 
driver  all  the  resistor/resistance  of  shunt  rheostat. 

As  noted  above,  at  tne  moment  of  the  inclusion  into  the 
network/grid  of  the  unexcited  generator  its  rotor  can  rotate  at 
velocity  less  or  larger  synchronous.  If  the  speed  of  rotation  of 
rotor  is  lower  than  the  synchronous,  then  the  rotating  magnetic  flux 
of  stator,  created  with  the  consumed  from  network/grid  inductive 
current,  induces  coil  currents  of  rotor,  locked  to  discharge 
resistor,  in  damper  winding  and  in  the  steel  mass  of  rotor. 
Interaction  of  these  currents  with  the  rotating  magnetic  flux  of 
stator  creates  asynchronous  turning  moment  (as  in  asynchronous 
electric  motors),  that  attempt  to  decrease  the  slip  of  rotor  and  to 
draw  it  in  synchronism. 


A 
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Bat  if  the  speed  of  rotation  of  rotor  is  wore  than  synchronous, 
then  generator  begins  to  give  up  in  network/grid  the  active  power  (it 
works  as  induction  generator),  as  a  result  of  which  is  created 
braking  couple,  and  the  speed  of  rotation  of  rotor  decreases, 
approaching  synchronous. 


Fig.  22-20.  Circuit  diagram  of  bacfc-out  resistor,  necessary  for  the 
self-synchronization  of  the  powerf ul/thick  nachines,  equipped  with 
the  autoeatic  field  danpers  with  arc-suppression  gratings. 


Page  365. 

At  the  aoaent  of  the  connection  of  the  rotor  winding  to  driver 
and  with  an  increase  in  the  field  current  appears  considerable  in 
value  synchronous  aoaent/torque,  and  generator  smoothly  it  enters 
into  synchronise.  The  transient  process  of  self-synchronization 
lasts,  as  a  rule,  not  nore  than  1-2  s. 
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Upon  the  Inclusion  of  generator  using  the  Method  of 
self-synchronization  in  the  windings  of  stator-rotor  unit  appear  the 
currents  of  the  unsteady  process  of  the  saee  character  as  during 
short  circuit,  since  the  inclusion  into  the  network/grid  of  the 
unexcited  generator  is  with  respect  to  netvork/grid  three-phase 
closing/shorting  after  inductive  reactance  of  the  included  generator. 
Due  to  external  resisting  (transf oraer,  electric  power  line,  reactor, 
etc.)  these  currents  are  sonewhat  less  than  the  currents  of 
three-phase  short  circuit  on  the  terninals/grippers  of  generator  and 
therefore  for  it  they  are  not  dangerous.  In  the  worst  case,  upon  the 
start  of  generator  of  the  busbars  of  the  systen  of  unlimited  power 
(ac  —  0) ,  the  current  spike  at  the  nonent  of  start  is  equal  to  inpact 
current  during  three-phase  short  circuit  on  the  terninals/grippers  of 
generator. 

Let  us  note  that  tee  cross  currents  in  the  case  of  the  erroneous 
start  of  generators  by  the  netnod  of  .precise  synchronization  can 
considerably  exceed  currents  upon  start  by  the  aethod  of 
self-synchronization.  It  was  previously  indicated  that  with  the 
aethod  of  precise  synchronization  at  the  most  unfavorable  nonent  of 
the  inclusion  the  current  spike  can  2  tines  exceed  inpact  current 
during  three-phase  short  circuit  on  the  terninals/grippers  of 
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generator.  Furthermore,  the  cross  currents,  which  appear  upon  start 
by  the  nethod  of  precise  synchronization,  cause,  as  noted  earlier, 
considerable  mechanical  stresses  in  aggregate/unit,  while  currents 
upon  start  by  the  nethod  or  self-synchronization  are  almost  purely 
inductive  and  they  do  not  cause  any  considerable  mechanical  stresses 
in  aggregate/unit. 

The  start  of  generator  oy  tne  nethod  of  self-synchronization  is 
accompanied  by  certain  decrease  in  the  voltage  on  the  busbars  of 
station  at  the  moment  of  start.  However,  taking  into  account  the 
presence  on  the  generators  of  the  devices/equipment  of 
over-excitation  and  the  short  duration  of  transient  process  upon  the 
inclusion  into  the  network/grid  of  the  unexcited  generator,  this 
decrease  in  the  voltage  does  not  have  vital  importance  for  a  power 
system  and  users  of  electrrc  power. 

If  generator  is  connected  to  the  collecting  mains  through  the 
step-up  transformer,  then  the  latter  substantially  limits  current 
upon  start  and  decrease  in  the  voltage  on  collecting  mains. 

On  the  basis  of  the  scientific  research  works  conducted  and 
analysis  of  operating  experience  it  is  at  present  recommended  the 
nethod  of  self-synchronization  to  apply  as  the  fundamental  method  of 
start  to  the  multiple  operation  of  all  synchronous  generators  in 
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power  to  3  MW  inclusively,  all  hydraulic  generators  and  synchronous 
condensers  with  starting  electric  motors  independent  of  their  power 
and  diagram  of  the  connection  to  collecting  mains  and  all 
turbogenerators  which  worm  in  block  with  the  step-up  transformers. 

Turbogenerators  in  power  more  than  3  MW,  which  work  directly  to 
the  collecting  mains  of  generator  voltage,  can  be  switched  on  to 
multiple  operation  by  the  method  of  self-synchronization  when 
periodic  component/term  of  transient  current  upon  the  start  of 
generator  does  not  exceed  value  of  3.5  ^rHou-  With  high  currents  at 
the  moment  of  start  one  should  switch  on  generators  by  the  method  of 
precise  automatic  synchronization. 


In  emergency  mode  should  oe  ail  generators  switched  on  the 
method  of  self-synchronization. 


The  value  of  periodic  of  coaponent/tem  of  the  current,  which 
appears  upon  the  start  of  generator  by  the  method  of 
self-synchronization,  it  is  possible  to  determine  by  the  formula 


/>=  " _ 

Vi(*4  +*,)’ 


(22-3) 


where  0  -  an  interphase  voltage  of  the  installation; 


xd—  transient  inductive  reactance  of  the  generator; 


1 
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xc ~  resisting  o f  system  to  the  terainals/grippers  of 

gutratoc. 

The  method  of  self-synchronization  can  be  applied,  as  this 
appears  froa  that  presented,  only  upon  the  start  of  the  unloaded 
generators.  Start  to  the  multiple  operation  of  two  loaded  generators, 
two  parts  of  the  station,  worming  nonsynchronously  and  the  like, 
possibly  only  by  the  method  of  precise  synchronization. 

Page  366. 

The  najor  advantages  of  the  method  of  the  self-synchronization: 
1)  simplicity  of  the  process/operations,  which  wake  it  possible 
faultlessly  to  switch  on  generator  and  it  is  easy  to  automate  the 
process  of  the  start;  2)  the  speed  of  the  start;  3)  the  possibility 
of  the  inclusion  under  the  eaergency  conditions  for  work  during  the 
strong  oscillations  of  voltage  and  frequency  in  system. 

The  aethod  of  self-synchronization  made  it  possible  to  realize 
start  to  the  multiple  operation  of  generators  on  those  small  power 
plants  where  earlier  as  a  result  of  absence  on  primary  aotor/engines 
of  speed  regulators  it  was  generally  impossible  or  very  difficultly 
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start  to  sultiple  operation  tne  method  of  precise  synchronization. 

Fundamental  difficulty  in  conducting  of  self-synchronization 
consists  in  the  establishment  or  a  difference  in  the  frequencies  of 
the  conn#ov ed  generator  and  network/grid.  Are  applied  the  special 
devices/equipment,  which  make  it  possible  to  determine  the  frequency 
of  the  connected  generator  with  the  use  of  its  residual  voltage. 

Are  developed  and  widely  are  applied  in  practice  different  of 
devices/equipnent  and  diagraa  of  manual,  semiautomatic  and  automatic 

a.»di  2.2.- fvj. 

In  conclusion  let  us  point  out  that  the  tests,  carried  out 
TsIIBL  NES  and  some  power  systeas,  demonstrated  the  possibility  of 
the  nonsynchronous  start  of  tne  emergency  disconnected  electric  power 
lines  of  the  sufficiently  large  cross  sections,  connecting  power 
plants  or  parts  of  the  power  system.  The  asynchronous  automatic 
resets  of  such  lines  in  tne  majority  of  the  cases  prove  to  be 
successful:  after  several  cycles  of  the  nonsynchronous  course  of 
stations  or  part  of  the  system  they  are  pulled  into  synchronism. 
Possibly  also  the  immediate  conversely  start  of  such  lines  without 
checking  of  synchronism  and  by  nand. 

The  start  of  lines  without  checking  of  synchronism  is  admissible 
(L.  22-20]  when  the  relation  of  the  current  of  the  nonsynchronous 
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start,  which  appears  upon  start  with  the  angle  of  divergence  of  the 
vectors  of  eaf  of  180°,  to  the  rated  current  of  generator  does  not 
exceed  for  the  turbogenerators  or  value  of  5,  but  for  hydraulic 
generators  3.  During  the  determination  of  the  current  of  the 
nonsynchronous  inclusion  one  should  generators  to  introduce  into 
replacement  scheae  their  ultratransitory  resisting  x'J  and  accept 
that  eaf  of  generators  coincide  in  phase  and  are  equal  to  1. 05  yr.«,0*- 


22-7.  Diagraas  of  launching/starting  the  synchronous  condensers. 

The  synchronous  condensers  serve  for  the  generation  of  the 
reactive  power,  necessary  for  tne  work  of  users  and  network/ grid  of 
electrical  systea. 

The  synchronous  condensers  install  mainly  in  regional 
substations  and  considerably  less  frequently  on  the  substations  of 
local  iaportance.  In  industrial  enterprises  as  the  synchronous 
condensers  fairly  often  ace  utilized  the  overdriven  synchronous 
electric  aotocs,  which  carry  aechanical  load. 

Soviet  plants  aanufactuce  the  synchronous  condensers  to  noainal 
power  with  the  anticipating/leading  current  to  75,000  kVA  and  to 
noainal  voltage  to  1 1  kv  inclusively.  Structurally/constructurally 
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synchronous  condensers,  tneir  excitation,  cooling,  etc.  are  performed 
sinilarly  to  alternators.  The  compensators  of  large  power  are  Bade 
•ith  the  hydrogen  cooling  (see  §  22-2)  . 

On  the  reducing  substations  the  synchronous  condensers  connect 
to  the  collecting  sains  of  the  corresponding  secondary  voltage. 

The  nost  widely  used  methods  of  launching/starting  the 
synchronous  condensers  they  are:  1)  the  asynchronous 
launching/starting  of  straight  line  and  2)  asynchronous  reactor 
starting. 

In  both  cases  the  synchronous  condenser  they  start  as 
asynchronous  squirrel-cage  aotor.  F or  the  creation  of  starting  torque 
of  the  compensator  rotor  it  has  specially  carried  out  damper  winding, 
placed  on  its  band  caps. 

During  straight /direct  launching/starting  compensator  they 
connect  up  the  collecting  mains  of  the  substation  through  the  switch 
and  the  busbar/tire  disconnector  (Fig.  22-21a). 

Start  up  procedure  of  compensator  with  driver  on  one  shaft: 

1.  The  handle  of  shunt  rneostat  is  set  in  the  position,  which 

corresponds  to  idling,  automatic  field  regulator  Is  disconnected. 


aj  J>4> 


Pig.  22-21.  Schematic  diagrams  of  iaunch ing/starting  the  synchronous 
condensers,  a)  the  asynchronous  la  unchin g/st art ing  of  the  straight 
line;  b)  asynchronous  reactor  starting. 

Page  367. 

2.  Is  connected  autoaatic  field  damper,  than  excitation  winding 
of  compensator  they  close  to  armature  of  driver. 

3.  Is  connected  switch;  compensator  is  turned/run  up  as 
induction  notor  (asynchronous  tocgue  is  created  by  currents  in  daaper 
winding  of  rotor)  and  after  certain  tine  it  reaches 
full/total/complete  asynchronous  rotational  speed;  since  rotor 
winding  before  launchiny/starting  was  connected  to  driver,  then  in 
proportion  to  development  of  compensator  coil  current  of  rotcr 
increases  (it  increases  excitation),  appears  synchronous 
aoaent/torgue  and  compensator  smoothly  it  is  pulled  into  synchronism. 
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4.  To  coapsnsator  they  give  excitation,  which  corresponds  to 
load  aode/conditions. 

5,  Switch  on  automatic  field  regulator  and  install  by  it 
required  aode/conditions  works  cf  compensator. 

Advantages  of  the  straignt/direct  launching/starting:  simplicity 
and  saall  number  of  starting  switches  (one) .  Shortcomings:  at  the 
aoaent  of  launching/starting  the  compensator  of  considerable  power  in 
power  line  occurs  large  current  surge,  and  on  the  collecting  aains  of 
Substation  -  considerable  decrease  in  the  voltage,  which  deranges  of 
the  connected  to  them  users.  In  connection  with  this  straight/direct 
launching/starting  in  the  majority  of  the  cases  is  applied  for  the 
coapensators  of  comparatively  small  power. 

The  schematic  diagraa  of  launching/starting  the  synchronous 

condenser  through  the  reactor  xs  given  in  Fig.  22-21  b,  compensator 

SK 

GK  they  supply  with  two  switches:  main  V-1  and  auxiliary  V-2,  that 
shunt  reactor  with  the  noraal  operation  of  compensator.  Reactor 
values  are  selected  so  that  at  the  aoaent  of  the  launching/starting 
when  coapensator  and  reactor  are  connected  in  series,  but  shunting 
switch  V-2  is  disconnected,  voltage  on  the  busbars  of  substation 
descended  not  nore  than  to  8U-85o/o  of  normal,  but  the  voltage. 


applied  to  the  terainals/grippers  of  compensator,  composed  30-65o/o 
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of  nominal  value. 

Before  launching/starting  switches  V-1  and  V-2  are  disconnected. 
Start  up  procedure: 

pbi  nts/items  1  and  2  tne  sane  as  during  straight/direct 
launching/starting. 

3.  Is  connected  switcn  V-1;  in  this  case  to  compensator  is 
fed/conducted  low  voltage,  which  composes  (depending  on  reactor 
values)  3 0-6 5 o/o  of  nominal,  and  it  begins  to  turn  as  induction 
motor;  when  rotational  speed  proves  to  be  close  to  synchronous, 
compensator  is  pulled  into  synchronism. 

4.  Is  connected  switch  V-2  how  they  shunt  reactor  and 
feed/conduct  to  compensator  total  voltage. 

Points/itens  5  and  6  -  the  same  as  points/itens  4  and  5  during 
straight/direct  launchiny/starting. 

Advantages  of  reactor  starting:  simplicity  and  evenness  of 
launching/starting.  The  latter  is  explained  by  a  gradual  increase  in 
load  voltage  of  compensator  with  an  increase  in  the  rotational  speed, 
which  occurs  because  of  the  decrease  of  the  starting  current  of 
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compensator  and  as  consequence  to  the  decrease  of  a  voltage  drop  in  | 

reactor.  I 

I 

Asynchronous  reactor  starting  at  present  has  preferred 
use/application. 

In  both  cases  launching/starting  the  synchronous  condenser  can 
be  automated. 
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Chapter  twenty-three. 

POWER  TRANSFORMERS. 

23-1.  Fundamental  characteristics. 

Types  of  transf oreers.  On  electrical  stations  and  substations 
apply  those  reducing  and  raising*  two-  and  triple- wound*  three-phase 
and  single-phase  power  transformers. 

Three-phase  transformers  are  cheaper  than  groups  of  three 
single-phases  transformer  of  the  sane  power;  it  is  simpler  and  is 
cheaper  also  their  operation.  Therefore  in  all  cases  when  this  is 
possible*  are  applied  three-phase  transformers.  Groups  of 
single-phases  transformer  apply  only  with  impossibility  the 
productions  of  the  three-phase  transformers  of  the  necessary  power  or 
during  transport  limitations  (for  example*  in  mountain  localities) . 

Soviet  plants  aanuracture  transformers  to  all  voltages  to  500  AT 
inclusively  and  nominal  power  up  to  several  hundred  thousand 
kilo-volt-aaperes  (see  appendix  P-4). 


DOC  *  79134823 


PiGB  /V# 


Page  368. 

The  transformers  of  small  and  average/mean  power  (to  7500  k¥A 
Inclusively)  make  with  oil-immersed  natural  cooler,  and  the  large 
power  (10,000  kVA  it  is  above)  -  with  natural  oil  and  forced 
ventilation  (with  the  blowing  of  tank  by  fans).  Sometimes  the 
transformers  of  large  power  fulfill  with  oil-water  or  oil-air 
cooling,  i.e.,  with  the  forced  circulation  oils  and  its  water  cooling 
or  with  the  forced  circulation  of  oil  through  air  coolers.  Soviet 
plants,  furthermore,  manufacture  transformers  in  power  to  750  k¥A  and 
by  voltage  to  13.8  kv  connected  with  natural  air  cooler,  called 
"dry".  They  are  intended  for  a  work  only  in  the  closed  locations. 

Air-immerseds  transformer,  which  are  flame-resistant,  are  used 
extensively  in  the  built-in  substations,  for  example  in  the 
installations  of  its  own  needs  of  electrical  stations  and 
substations,  on  the  intrashop  transformer  substations  of  industrial 
enterprises,  etc. 

Nominal  voltages  of  the  windings  of  transformers.  The  nominal 
primary  voltage  of  transformer  is  called  the  interphase  voltage  which 
must  be  conducted  to  its  primary  winding  in  order  on  the 
terminal s/grippers  of  extended  secondary  winding  to  obtain  nominal 
secondary  voltage. 
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Noainal  secondary  voltage  is  called  the  interphase  voltage, 
obtained  on  the  terainals/grippsrs  of  secondary  winding  of 
transformer  with  its  idling  and  supply  to  the  terminals /grippers  of 
the  primary  winding  of  nominal  primary  voltage. 

During  the  work  of  transformer  under  load  and  supply  to  the 
terminals/grippers  of  its  primary  winding  of  nominal  voltage,  load 
voltage  of  secondary  winding  is  lower  than  the  nominal  on  magnitude 
of  losses  voltage  in  transformer. 

The  standard  nominal  voltages  of  transformers  are  given  in 
chapter  3. 


By  the  noainal  voltages  of  windings  is  determined  the 
transformation  ratio  of  transformer  &r.  by  which  they  understand  the 
relation  of  the  noainal  voltages:  the  windings  of  the  highest  VN  and 
lowest  NNvoltages  in  double  wound  transformer  and  each  pair  of 
windings  VN  and  NN,  VN  and  SN  (medium  voltage) ,  SN  and  NN  -  in 
triple-wound  transformer.  For  example,  the  transformation  ratio  of 
the  three-phase  double  wound  step-down  transformer  in  nominal  power 
10  HV1  and  noainal  voltages  of  windings  =35  kv  and 

mi  —  °-6  kf  is  equal  to 
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Permissible  heating  teaperatures.  In  process  the  work  of  winding 
and  steel  core  of  transforaer  are  heated.  The  aetallic  parts  of  the 
transforaer  can  without  daaage  prolonged  tine  aaintain/withstand 
comparatively  high  heating  tenperatures.  The  insulation  of  windings 
on  reliability  of  which,  first  of  all,  depends  the  reliability  of  the 
work  of  transformer,  during  heating  gradually  is  abraded,  it  ages. 
Ageing  insulation  is  characterized  by  the  decrease  of  its  elasticity 
and  mechanical  strength.  The  strongly  coaprised  insulation  becoaes 
this  inelastic  and  brittle  that  under  the  effect  of  vibrations  and 
electrodynaaic  eff or ts/torces,  which  occur  with  the  work  of 
transforaer  it  begins  to  burst  and  to  brak,  i.e.,  mechanically  to  be 
damaged.  The  consequence  of  this  can  be  the  electrical  breakdown  of 
insulation  and  the  damage  of  transforaer.  The  tine,  during  which  the 
insulation  is  abraded  so,  that  it  due  to  its  physical  state  becomes 
already  unsuitable  to  further  work,  it  depends  on  the  temperature  of 
its  heating.  Hith  an  increase  in  the  latter,  other  conditions  being 
equal,  the  service  life  of  transforaer  decreases. 

For  the  transformers  of  doaestic  manufacture  is  accepted  this 
peraissible  temperature  of  heating  the  insulation  of  windings,  during 
which  is  provided  the  service  life  of  the  transformers  of  20-25 
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According  to  GOST  401-41  for  the  tr ansforaers,  adjusted  in  the 
localities  where  the  maximum  temperature  of  air  a0  reaches  35°C, 
tesperature  excess  of  windings  r  above  the  teaperature  of  air  aust 
not  exceed  70°C.  For  Soviet  transformers  teaperature  excess  of 
windings,  equal  to  7  0°C,  corresponds  to  their  nominal  load  in 
to*35°C.  Therefore  the  greatest  permissible  teaperature  of  heating 
the  windings  of  transformer  composes  #=» o*r=35*70=105°C. 

Page  369. 

If  in  the  process  of  operating  the  transforaer  the  teaperature 
of  heating  its  windings  is  constantly  supported  with  the  equal  to 
105°C,  then,  as  show  the  investigations  of  manufacturing  plants,  the 
service  life  of  transforaer  will  comprise  less  than  2  years. 

However,  with  the  noainal  load  of  transformer  teaperature  of 
•=105°C  will  be  constant  only  in  such  a  case,  when  by  constant  it 
will  be  «0=35®C.  In  actuality  tne  teaperature  of  surrounding  air  is 
never  constant,  but  it  changes  both  in  the  course  of  twenty-four 
hours  and  during  year.  For  example,  in  the  central  band  of  the  USSR 
where  they  are  arranged/ located  Moscow,  Leningrad,  Sverdlovsk,  annual 
oscillations  of  the  teaperature  of  air  in  the  majority  of  the  cases 
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they  lie/rest  within  liaits  of  ^35°C.  In  view  of  this  the  teaperature 
of  heating  the  windings  of  transforaer  in  the  course  of  twenty-four 
hours,  and  also  during  year  cnanges  within  the  liaits  froa  105°C  to 
certain  saaller  value.  In  this  case  the  service  life  of  transforaer, 
naturally,  is  lengthened. 

Therefore  the  indicated  above  greatest  teaperature  of  windings 
by  105°C  should  be  understood  as  the  aaxiaua  heating  teaperature, 
peraitted  for  the  safe  work  of  transformer  several  hours  in  a  24  hour 
period  during  those  coaparativeiy  a  few  days  when  the  teaperature  of 
surrounding  air  reaches  aaxiaua  (Jb°C) . 

The  wear  of  insulation  and  the  service  life  of  transforaer 
depend  also  on  the  average  annual  teaperature  of  the  locality  where 
the  transforaer  is  established/installed,  with  an  increase  in  the 
average  annual  teaperature  of  air  the  service  life  of  transforaer 
decreases.  To  what  extent  are  different  they  can  be  the  average 
annual  teaperatures  of  air,  evidently  from  the  following.  In  the 
aoderate  cliaate  where,  for  exaaple,  they  are  arranged/located 
Moscow,  Leningrad,  Sverdlovsk,  Novorossisk,  average  annual 
teaperature  of  air  htv^5°C,  while  in  regions  of  Baku,  Tbilisi, 
Yerevan,  Tashkent  ®0cp 585  15°C;  in  region  of  Arkhangelsk  ®ocpteO°C  and 


so  forth 
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GOST  401-41  to  power  transformers  installs  the  temperatures  of 
their  heating  taking  into  account  daily  variations  of  the  temperature 
of  air,  and  also  average  annual  temperature  of  locality.  In  this  case 
is  introduced  the  concept  the  "nominal  temperature  conditions  of  the 
cooling  medium",  by  which  for  the  transformers,  established/installed 
on  the  open  air  and  having  the  natural  oil  or  natural  oil  and  forced 
ventilation,  should  be  understood  the  logically  changing  temperature 
of  air  coolant  in  the  locality  where  its  maximum  value  is  equal  to 
35°C,  and  average  annual  of  ♦  5°C.  GOST  401-41  also  installs  great 
temperature  excess  of  the  upper  layers  of  oil  (in  the  cover/cap 

of  transformer)  above  the  temperature  of  surrounding  air,  which  must 
not  exceed  by  60°C.  At  temperature  of  surrounding  air  of  d„=35°C  this 

corresponds  to  the  greatest  observed  (on  thermometer)  temperature  of 

l>M  «  x  -f  ».  =  6U  +  35  =  95°  C, 

Oil  /S  with  which  the  temperature  of  heating 

windings  it  is  »=105°C.  The  latter,  as  noted  above,  is  the  maximally 
permissible  temperature  of  heating  the  windings  of  transformer. 
Therefore  0M— 95“ C  is  the  maximally  permissible  temperature  of  oil  of 
transformer. 

The  nominal  power  of  transformer  is  called  the  power  to  which 
the  transformer,  established/installed  in  the  open  air,  can  be 
continuously  loaded  during  entire  its  service  life  under  the  nominal 
temperature  conditions  of  the  cooling  medium,  i.e.,  with  maximum  and 
average  annual  the  logically  changing  temperatures  of  air  coolant. 
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equal  to  with  respect  35  and  5°C.  In  this  case  the  transforaer  has 
the  noraal  service  life  (on  the  order  of  20-25  years),  limited  to  the 
wear  of  the  insulation  of  windings.  The  nominal  power  of  transformer 
is  aeasured  in  kilowatt-amperes  and  it  is  indicated  on  its 
certified/rating  table. 

If  the  temperature  conditions  of  the  cooling  medium  different 
froa  nominal  ones,  then  for  guaranteeing  tha  noraal  service  life  of 
transformer  its  nominal  power  must  be  changed,  i. e. ,  the  power  of 
transforaer  aust  be  re-narked.  So,  if  in  the  site  of  installation  of 
transforaer  ^ocp^50^.  then  to  transformer  must  be  appropriated  the 
noainal  power,  deterained  according  to  the  formula: 

+  <230 

where  —  noainal  power  of  this  transformer  on  certificate. 

When  the  temperature  of  air  40  is  higher  than  35°C  (but  not 
higher  than  45°C) ,  the  lead  of  transforaer  must  be  lowered  on 
(•0-35)o/o  in  comparison  with  noainal  power. 

Page  370. 

Besides  installation  in  the  open  air,  transforaers  fairly  often 
they  place  in  the  closed  unneatei  areas  -  chaabers/cameras.  In  this 
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case  in  chambers/caaeras  in  the  majority  of  the  cases  is  provided  for 
the  natural  ventilation,  realized  with  the  aid  of  special 
openings/apertures  in  the  lower  and  upper  parts  of  the 
chaaber/caaera.  The  sections  of  input  and  outlets  and  the  height  of 
the  location  of  the  latter  receive  such  that  the  difference  between 
the  teaperatures  of  the  entering  and  eaerging  air  coolant  would  be 
approxiaately  15°C.  In  spite  of  ventilation,  conditions  coolings  of 
the  transf oraers,  esta blished/installed  in  chaabers/caaeras,  prove  to 
be  worse  than  for  those  estabiished/inst ailed  in  the  open  air.  So, 
under  the  noainal  temperature  conditions  of  surrounding  air  and 
difference  in  the  teaperatures  entering  the  chaaber/caaera  and 
eaerging  froa  it  air  of  approxiaately  15°C  average  annual  teaperature 
of  air  coolant  in  the  chaaoer/caaera  of  transforaer  is  obtained  egual 
not  to  5°C,  but  are  apprcxiaately/exemplarily  on  8°C  above,  i.e., 
about  1 3°C.  It  is  logical  that  in  this  case  the  wear  of  the 
insulation  of  the  windings  of  transf oraers,  established/installed  in 
the  closed  locations,  witn  the  identical  graphs/curves  of  load  with 
the  transformers,  estafclished/installed  in  the  open  air,  is  obtained 
large,  but  the  service  life  of  transformers  -  smaller. 

In  the  triple-wound  transformers  of  the  winding  of  different 
voltages  have  identical  or  different  nominal  power  (table  P-4),  in 
connection  with  this  for  the  noainal  power  of  triple-wound 
transforaer,  indicated  on  certified/rating  table,  accept  power  its 
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priaary 


windings. 


Exaaple  23-1.  Transforaer  with  a  nosinal  power  of  •Siw.=.3i15  m?a 
has  relationship/ratio  of  power  of  windings,  equal  to  100: 100:67o/o. 
The  power  of  each  of  the  windings  comprises:  windings  VN  and  SN 
S»H-SCH~  3U5  hva,  Mindiags  HH-Shh=  314^“  21.1  H  VA. 


By  the  rated  currents  of  priaary  (^i»oJ  and  secondary  (/2num)  of 
the  windings  of  transforner  are  called  the  currents,  deternined  on 
noninal  power  and  noainal  voltages  of  the  corresponding  windings  of 
transforaer.  For  exaaple,  for  tne  three-phase  double  wound  step-down 
transforaer  the  transf oraation  ratio  of  which  was  deternined  above. 


the  rated  currents  of  windings  coaprise: 

,  _  iQooo  _  ,g-  .  _  10000 

“  vs- 35  “  '  '* »»<•— 


=  877 


Fig.  23-1.  The  aost  widely  used  diagraas  of  connection  of  the 
windings  of  power  transforaers,  diagraa  of  the  sectors  of  their 
voltages  and  the  conventional  designations. 
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Key:  (1).  Diagrams  of  conaectioa  of  the  windings  of  three-phase 
double  wound  transf oraers.  (2) .  Designation  of  connection  diagraa. 
(3).  Voltage  of  windings.  (4).  Diagraas  of  connection  of  windings. 
(5).  Diagraas  of  vectors  of  voltage.  (6).  conventional  designations. 
(7).  Star-star  with  brought  out  neutral.  (8).  star-triangle.  (9). 

Star  with  that  brought  out  neutral  triangle.  (10) .  Diagraas  of 
connection  of  windings  of  single-phase  double  wound  transforaers 
included  in  three-phase  group.  (11).  Diagrams  of  connection  of 
windings  three-phase  of  triple-wound  transforaers.  (12).  star-star 
with  those  brought  out  by  neutral-triangle.  (13).  Diaqrans  of 
connection  of  windings  of  single-pnase  triple-wound  transformers, 
included  in  three-phase  group. 

Page  371. 

Under  nominal  load  is  understood  the  load,  equal  to  rated 
current,  which  the  transformer,  established/installed  in  the  open  air 
in  the  locality  where  the  maximum  and  average  annual  values  of  the 
logically  changing  temperature  of  air  coolant  are  equal  to  with 
respect  35  and  5°C,  it  can  bear  continuously.  In  this  case  the 
service  life  of  transformer  is  approximately  20-25  years. 
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Let  us  note  that  in  operation  the  load  of  transformer  usually  is 
■onitored  on  current  with  the  aid  of  ammeter. 

Diagrams  and  group  of  the  connections  of  windings  and  their 
use/application.  Host  widely  used  and  standardized  GOST  of  401-41 
diagrams  and  group  of  the  connections  of  the  windings  of  transformers 
are  given  in  Pig.  23-1. 

In  the  conventional  designations  of  double  wound  transformers 
the  first  sign  is  related  to  the  winding  VN,  to  the  second  -  to  the 
winding  NN,  index  o  indicates  the  conclusion/output  of  neutral,  and 
number  1 1  or  12  -  a  group  of  the  connection  of  windings  (the  angular 
displacement  of  the  vectcrs  of  the  inter  phase  voltages  of  winding  HN 
with  respect  to  the  vectcrs  of  the  interphase  voltages  of  the  winding 
VN)  . 


Three-phase  transformers  with  the  windings,  connected  on  diagram 
T/T0»  manufacture  on  the  nominal  voltage  of  low-voltage  winding  by 


cases  three-phase  transformers  are  manufactured  with  the  windings, 

(fit/ 

connected  on  diagramsY/A-l  1  /fY,/A-  ll.The  latter  of  these  connections  is 
applied  when  the  neutral  of  the  high-voltage  winding  of  transformer 
must  be  grounded. 
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Id  the  conventional  designations  of  three-phase  triple-wound 
transformer  the  first  sign  is  related  to  the  winding  VN,  to  the 
second  -  to  winding  SN,  the  third  -  to  the  winding  NN,  indices  0 
indicate  the  conclusion/output  of  neutrals,  number  12  -  a  group  of 
the  connection  of  the  winding  VN  with  respect  to  the  winding  SN,  and 
nueber  11  -  a  group  of  the  connection  of  the  windings  VN  and  SN  with 
respect  to  the  winding  NM. 

The  windings  of  single- phases  transformer,  included  into 
three-phase  groups,  connect  on  diagrams  Y/A-11,  Y0/A-li  or 

Yo/Yo/A-12  11.  Let  us  note  that  for  its  own  needs  of  power  plants  in 
certain  cases  are  applied  both  other  diagrams  and  groups  of  the 
connections  of  the  windings  of  the  transformers  (see  vol.  2,  chapter 
6)  - 

23-2.  Permissible  overloadings  of  transformers. 

In  operation  the  load  of  transformer,  as  a  rule,  does  not  occur 
its  permanent  and  equal  nominal  power,  but  it  changes  both  in  the 
course  of  twenty- four  hours  and  in  dependence  on  season.  In  this  case 
during  the  significant  part  of  the  days  the  load  of  transformer  is 
usually  less  than  the  nominal. 


In  connection  with  this  temperature  excess  of  windings  r  above 
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the  temperature  of  air  coolant  does  not  remain  constant  and  equal  to 
70°C,  but  it  oscillates  in  lieits  from  70°C  to  certain  saaller  value. 
This  leads  to  the  decrease  of  the  wear  of  the  insulation  of  windings 
and,  as  a  rule,  to  an  increase  in  the  service  life  of  transforaer 
against  noraal.  In  this  case  the  service  life  of  transforaer  can 
become  so/such  considerable,  that  the  transforaer  according  to  soae 
its  technical  indices  (level  of  insulation,  no-load  loss,  etc.)  will 
become  obsolete  earlier  than  its  insulation  it  is  worn  out.  Therefore 
in  operation  soaetiaes  they  consider  it  possible  to  allow/assuae  the 
work  of  transforaer  with  certain  excess  of  noainal  load,  i.e.,  with 
overloading,  but,  however,  so  that  the  service  life  of  transforaer 
would  be  not  less  than  20-25  years.  The  permissible  overloadings  are 
subdivided  into  normal  ones  and  emergency  ones. 

The  normal  load  factors  are  allowed/assumed  depending  on  the 
duty  factor  of  the  diurnal  graph/curve  of  load  (load  factor) ,  and 
also  due  to  the  underloading  of  transformer  in  summer. 

The  permissible  overloadings  depending  on  the  duty  factor  of  the 
diurnal  graph/curve  of  load  determine,  using  the  diagram  of  the 
load-carrying  capacity  of  transforaer  (Pig.  23-2),  along  the  axis  of 
abscissas  of  which  is  deposited/postponed  the  duration  of  load  peak 
in  hours,  and  along  the  axis  of  ordinates  -  ratio  of  peak  load  to 
noainal  Y  on  the  diagraa  it  is  given  of  eight  curves  for 
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the  different  values  of  factor  of  load  *„■ 

Page  372. 


By  factor  of  the  load  (see  Chapter  4)  or,  otherwise,  the  duty 
factor  of  the  diurnal  graph/curve  of  load  is  called  the  ratio  of  the 
area,  liaited  by  diurnal  graph/curve,  to  the  area  of  the  rectangle, 
sides  which  are  the  abscissa,  equal  to  24  h,  and  the  ordinate,  equal 
to  the  maximum  of  graph/curve  i.  e. 


(23-2) 


where  ~i  (It)  -  an  area  of  the  graph/curve  of  the  load; 


MKC  aaxiaua  current  of  load  in  the  days; 


'  daily  aeau  current  of  load. 


After  determining  value  and  knowing  duration  in  hours  n  of 

peak  load,  according  to  diagran  in  Pig.  23-2  it  is  possible  to 
deteraine  coefficient  of  k  and,  therefore,  the  permissible  peak  load 
of  transforaer  or  —  *5ho«,- 

Diagram  in  Pig.  23-2  is  constructed  for  the  transformers,  which 


work  under  nominal  temperature  conditions.  For  the  transformers. 
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established/installed  in  the  place  where  1*  different  froa  5 °c, 

it  is  possible  to  use  this  diagram,  but  in  this  case  ordinates  k 
should  be  aultiplied  to  coefficient  of  A : 

(23.3) 

Permissible  overloadings  by  winter  due  to  underloading  by 
suaner.  Load  of  transforaers  by  the  sunaer  usually  lower  than  load  in 
winter  aonths  and  lower  than  noainal;  therefore  the  wear  of 
insulation  in  the  sunaer  period  of  less  than  the  normal.  This  allows 
in  winter  aonths  without  damage  for  the  service  life  of  transformer 
to  increase  its  overloading  in  comparison  with  that  that  is  obtained 
according  to  diagram  in  Fig.  2J-2. 

For  determining  the  permissible  overloading  of  transformer  by 
winter  due  to  its  incomplete  loading  summer  established/installed  the 
following  simple  rule:  if  the  maximum  of  the  average/mean  diurnal 
graph/curve  of  load  in  summer  aonths  (June,  July,  August)  is  less 
than  the  nominal  power  of  transformer,  then  in  winter  months 
(Hoveaber,  December,  January,  February)  is  a llowed/assumed  the 
overloading  of  transformer  in  size/dimension  of  lo/o  for  each  of  a 
percent-percentage  by  summer,  but  it  is  not  more  than  15o/o. 

Both  rules  of  the  normal  load  factor,  i.e.,  according  to  diagram 
in  Fig.  23-2  and  present,  are  related  to  all  transforaers  with 
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natural  oil  and  forced  ventilation.  These  rules  can  be  applied 
together,  only  the  overall  aaount  of  g-force  according  to  both  rules 
is  United  to  30o/o. 

With  the  use  of  both  rules  in  cases  vhen  the  teaperature 
conditions  of  the  cooling  medium  differ  froa  of  noainal,  the 
establishment  permissible  overloadings  should  be  produced  taking  into 
account  the  translation  o£  the  noainal  power  of  transformer  according 
to  formula  (23-1). 

Example  23-1.  Transformer  with  a  nominal  power  of  1000  kVA 
is  established/installed  in  the  unheated  ventilation  area  in  the 
locality  where  the  aaximua  and  average  annual  values  of  the 
temperatures  of  air  with  respect  to  35  and  5°C.  The  duty  factor  of 
diurnal  graph/curve  the  duration  of  peak  load  a  the  winter 

day  n=6  h;  the  maximum  of  the  a verage/mean  diurnal  graph/curve  of 
load  in  suaaer  months  composes  880  kVA.  To  determine  the  permissible 
peak  load  of  transformer  in  winter  months. 

He  accept  a  difference  in  tne  temperatures  the  entering  the 
chamber/camera  and  emerging  froa  it  air  coolant  of  the  equal  to  15°C. 
Under  this  condition  the  average  annual  teaperature  of  that  cooling 
the  transformer  of  air  will  compose  #ocP  - 5*8*13°C.  In  view  of  a 


difference  in  this  average  annual  temperature  from  nominal  the  power 
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of  transformer  must  be  converted.  According  to  formula  (23-1) 

/  6  — 13\  (I) 

-  1  °°°(»  +  -w)  "  920  Kta' 

Key:  (1).  kfi. 

For *„<“0,7and  n=6  h  according  to  diagram  on  Fig.  23-2  ve  find 
k=1.14,  i.e.,  through  diagram  tne  permissible  overloading  depending 
on  the  duty  factor  of  the  diurnal  graph/curve  of  load  composes  14o/o. 

The  underloading  of  transformer  by  summer  and  permissible  for  it 
due  to  this  overloading  by  winter  they  compose 
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Pig.  23-2.  Diagram  of  the  load-carrying  capacity  of  tank 
transformers. 


Key:  (1)  .  (hours) . 

Page  373. 

In  all  the  permissible  overloading  with  respect  to  both  rules 
composes  14*4. 5=18. 5o/o. 

Consequently,  in  winter  months  transformer  can  be  loaded  to 

fi) 

S  ...  9 _’o .  I.I6T.  I  O'JO  OHO. 

Key:  (1).  kfl. 


Emergency  overloadings,  with  the  work  of  transformer  iven  with 
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the  normal  load  factors  the  wear  of  the  insulation  of  its  windings 
nevertheless  proves  to  be  less  than  the  normal  wear,  available  with 
24-hour  permanent  nominal  load.  Consequently,  with  the  normal  load 
factors  not  only  is  retained  the  normal  service  life  of  transformer, 
but  in  the  wear  of  its  insulation  remains  the  sufficient  reserve, 
which  can  be  used  for,  ether  not  planned/glide  in  operation 
overloadings.  As  the  latter  there  can  be,  for  example,  emergency 
overloadings  on  leaving  from  work  of  one  of  the  working  transformers. 

According  to  PUE  (section  1,  §  1-2-37)  and  to  resolution  of 

£ 

technical  control  NES  (He  15/^  from  4/XII  1958)  during  the  emergency 
modes  of  work  the  overloading  of  transformers  is  allowed/assumed  to 
40 o/o  to  the  period  of  the  maximum  of  the  general/common/total 
diurnal  duration  not  mere  than  b  a  during  not  more  than  5  days.  In 
this  case  the  duty  factor  or  tne  diurnal  graph/curve  of  the  load  of 
transformer  under  conditions  of  overloading  must  be  not  more 

=  177^  0-75.  (23-4) 

With  this  overloading  tne  wear  of  insulation,  naturally,  sharply 
grows/rises.  Accordingly  £ L.  23- 1J  with  40o/o  overloading  transformer 
in  24  hrs  "becomes  obsolete"  whole  month,  and  in  5-6  days  -  about 
half  a  year.  However,  taking  into  account  that  a  similar  emergency 
mode  can  occur  not  more  than  2-3  tines  for  entire  service  life  of 
transformer,  or  indicated  above  facilitating  conditions  and  that 
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under  noraal  conditions  the  wear  usually  is  considerably 
lowered/r educed,  is  counted  tne  overloading  of  that  permitted 
indicated. 

Emergency  overloadings  are  allowed/assumed  without  depending  on 
the  previous  load  and  the  teaperature  of  the  cooling  medium.  In  this 
case  in  hot  season  if  necessary  one  should  apply  the  intensive 
cooling,  achieved,  for  example,  oy  the  installation  of  supplementary 
fans  and  supplementary  radiators  isee  §23-3). 

23-3.  Cooling  systems  or  transformers. 

The  cooling  systems  of  transformers  it  is  possible  to  break  into 
the  following  forms:  1)  oil  (tan*  transformers)  and  2)  air 
(air-immerseds  transformer) . 

The  fundamental  methods  of  cooling  the  tank  transformers  they 
are:  1)  the  natural  oil;  2)  the  natural  oil  and  artificial  (forced) 
air;  3)  oil-water  cooling  even  4)  oil-air  cooling. 

Oil-immersed  natural  cooler.  The  heat,  isolated  in  windings  and 
magnetic  circuit  of  transformer,  is  transmitted  to  surrounding  oil, 
and  from  it  through  the  walls  of  tank  and  the  cover/cap  -  to  which 
surrounds  transformer  air.  To  tne  heat  removal  into  the  environment 
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contributes  the  gravity  circulation  of  oil  within  transforaer,  caused 
by  the  fact  that  heated  oil  rises  under  cover/cap,  and  cooled  in  the 
walls  of  tank  as  heavier  is  oaitted. 

In  the  transforaers  of  snail  power  the  tanks  have  flat  surface. 
In  the  transforaers  of  large  power  for  the  best  heat  reaoval  into 
surrounding  air  are  applied  the  tanks  with  the  increased  cooling 
surface:  tubular  (Pig.  23-3),  and  also  equipped  with  special  tubular 
radiators  (Fig.  23-4). 

Natural  oil  and  forced  air  cooling.  Oil-iaaersed  natural  cooler 
is  insufficient  for  cooling  the  transforaers  of  large  power.  For  the 
latter  great  use/application  obtained  forced  ventilation. 

In  transforaers  with  forced  ventilation  tubular  radiators  are 
forcedly  blown  out/blown  off  by  au  from  several  engine-  fans  1, 
placed  on  two  within  each  radiator  in  space  between  its  tubes  (Fig. 
23-4) .  Electric  aotors  -  witn  short-circuited  rotor,  the  power  of 

•very  150  ». 


The  presence  of  several  fans  nakes  it  possible  to  disconnect 
part  of  thea  with  the  low  teaperature  of  air  or  the  small  load  of 
transforaer,  which  reduces  the  expenditure  of  electric  power  for 
cooling  of  transforaer.  if  necessary  the  start  and  the  stop  of  fans 
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automate. 

Transformers  vith  forced  ventilation  allow/assune  work,  also, 
with  coapletely  off  blast,  if  the  load  of  transforaer  is  equal  or 
less  than  70o/o  noainal,  and  also  with  loads  70-10Qo/o  of  noeinal, 
but  when  the  temperature  of  oil  does  not  exceed  55°C. 

Page  374. 

Oil-water  cooling.  To  Baku  transforaer  they  will  connect 
centrifugal  pump  1  (Pig.  2J-5) ,  which  takes  away/gathers  aore  hotly 
oil  froa  the  upper  part  of  tne  tank  and  distills  it  through  coolant 
2.  Proa  coolant  oil  returns  to  the  lower  part  of  the  jacket,  over  the 
tubes  of  coolant  f lows/occurs/iasts  the  cooling  water,  and  in 
interturbine  space  under  greater  tnan  water,  pressure  moves  oil. 

Transforaers  with  oil-water  cooling  aust,  as  a  rule,  work  with 
the  connected  cooling  without  depending  on  load.  Is  explained  this  by 
the  fact  that  the  cooling  surface  of  these  transforaers,  which  have 
flat  tanks,  is  so  snail  that  it  cannot  weigh  out  even  no-load  losses 
of  powerful/thick  transforaers.  Oil-water  cooling  systen  in 
comparison  with  those  exaained  is  above  aore  expensive  and  it  is  less 
convenient  in  operation;  therefore  it  they  apply  only  for  very 
powerf ul/thick  transforaers. 
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In  transforaers  with  oil-air  cooling  provide  for  the  forced 
circulation  oils  through  air  coolers. 

In  air-iaaerseds  transforaer  the  heat  is  abstr acted/reaoved  by 
the  natural  flow  of  surrounding  air.  A  similar  method  of  cooling 
proves  to  be  sufficient  only  for  the  transforaers  of  saall  power, 
what  are  only  and  manufactured  with  dry  ones.  The  advantages  of  dry 
ones,  transformers  are  simplicity  of  construction/design  and  fire 
safety  as  a  result  of  the  absence  of  bolt  oil,  and  also  comparatively 
snail  overall  sizes. 

23-4.  Expanders  and  safety  devices  of  transformers. 

Expanders.  Ail  transformers,  with  exception  of  dry  ones,  pour  by 
oil,  obtained  as  a  result  of  the  distillation  of  oil.  In  the  process 
of  the  work  of  transformer  changes  heating  oil,  in  consequence  of 
which  changes  its  space.  To  avoid  the  discharge  of  oil  outside  during 
its  expansion  in  the  transforaers  of  small  power  oil  they  do  not  add 
to  the  top  of  cover/cap.  In  this  case  oil  level  they  accept  such  so 
that  at  all  permissible  aodes/couditions  of  the  work  of  transformer 
and  temperature  of  surrounding  air  to  35°C  the  space  of  oil  would  not 
exceed  the  tank  volune.  Tank  is  on  top  capped  with  special  plug  from 
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opening  through  which  is  passed  the  air,  displaced  f r oa  tank  during 
heating  oils  and  sucked  into  tana  during  its  cooling. 

In  the  sucked-in  into  transformer  air  are  contained  oxygen  and 
moisture,  in  view  of  whrca  oil  is  oxidized  and  is  aoistened  (oil 
possesses  large  hygr oscopicity) .  Oxidation  and  moistening  cause  the 
daaage  of  oil  and  as  consequence  decrease  in  its  dielectric  strength 
and  appearance  of  acid  and  slime,  with  an  increase  in  the  contact 
surface  of  oil  with  air  this  oxidation  process  and  moistening  of  oil 
is  amplified. 


! 
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Fig.  23-3.  Transformer  three-phase  with  oil-iaaersed  natural  cooler, 
with  tubular  tank.  1  -  tank;  2  -  cover/cap;  3  -  tube;  4  -  wall 
entrance  insulators;  5  -  expander;  6  -  oil-level  gauge;  7  - 
theraoneter  mercury;  8  -  tap/crane  for  filling  of  oil;  9  -  bleeder  of 
oil;  10  -  clanp  for  lifting  the  transforner;  11  -  rollers  for  the 
novenent  of  the  transforaer;  12  -  certified/rating  table. 
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Pig.  23-4.  Transforaer  with  forced  ventilation  with  tubular 

radiators . 
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Taking  into  account  this,  the  transformers  of  average  and  large  power 
supply  with  the  expanders  (Fig.  23-3  and  23-4),  which  make  it 
possible  to  completely  pour  tana  by  oil  and  decreasing  the  contact 
surface  of  oil  with  air,  and  conseguently,  its  oxidation  and 
moistening. 

The  expander  (Fig.  23-6),  which  usually  has  cylindrical  form, 
installs  in  the  bracket,  fastened/strengthened  to  the  cover/cap  of 
transformer,  with  transformer  the  expander  is  connected  by  the 
conduit/manifold  whose  one  end/lead  is  welded-in  into  the  cover/cap 
of  transformer,  and  other  5  -  into  the  lower  part  of  the  expander  and 
so  that  it  would  be  above  the  bottom  of  expander.  By  the  latter  is 
removed,  incidence/impingement  into  the  tank  of  the  transformer  of 
the  decomposition  products  of  oil  and  residues/settlings,  which  are 
saved  in  the  lower  part  of  the  expander.  Slime  and  residues/settlings 
periodically  drive  out  througn  the  drain  mud  cock  4.  The  expanders  of 
the  transformers  of  average/mean  power  supply  with  plug  6  with 
openings/apertures  for  suction  and  displacement  of  air  with  a  change 
of  the  space  of  containing  in  them  oil.  The  expanders  of  the 
transformers  of  large  power  for  the  same  target  supply  with  tube  with 


DOC  =  79134823 


PAGE 

3  whose  end/lead  has  bored  cork  and  saall/fine  wire  gauze,  which 
prevents  fro*  incidence/iapingeaent  into  the  expander  of  solid 
suspended  particles  froa  surrounding  air.  The  space  of  expander 
usually  coaposes  8-IO0/0  of  space  of  oil  in  the  tank  of  transforaer. 

For  observation  of  oil  level  on  the  lateral  wall  of  expander  is 
established/installed  oil  gauge  1,  fulfilled  in  the  fora  of  glass 
tube  in  aetallic  aount ing/case.  On  the  bottoa  of  expander  about  oil 
gauge  are  plotted/applied  by  paint/color  three  control  features, 
which  correspond  level  of  oil  at  temperatures  -35,  *15  and  ♦35°C. 

Protective  tube.  Short  circuit  within  transforaer  is  usually 
accoapanied  by  the  intense  decoaposition  of  oil  and  by  the 
foraation/education  of  a  large  quantity  of  gases.  In  this  case  the 
pressure  within  transforaer  sharply  is  raised,  which  can  lead  to  the 
decoaposition  of  tank.  To  avoid  this  all  powerful/thick  transforaers 
have  protective  tube  2,  established/installed  on  cover/cap  (Fig. 

23-4)  ;  free  end  the  tubes  close  with  glass  disk.  With  the  pressure 
increase  within  transforaer  oil  rises  along  tube,  glass  disk  strands 
itself  and  oil  is  rejected  outside. 

Gas  relay  3  (Fig.  23-4)  serves  for  the  cutoff/disconnection  of 
transforaer  during  the  internal  daaages,  which  are  accoapanied  by 
liberation  of  gas.  Relay  consists  of  the  cast  cast  iron  container,  of 


i 
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which  they  are  placed  one  above  another  two  floats.  By  relays  it  is 
established/installed  on  the  path  of  notion  of  oil  in  the 
conduit/aanif old,  which  connects  transforaer  with  expander. 

By  gas  relays  are  equipped  transforaers  in  power  1000  k?A  and  it 
is  above. 

Let  us  additionally  note  tnat  recently  the  power  transforaers  of 
large  power  began  to  supply  witn  built-in  current  transforaers  which 
are  installed  within  the  tank  of  transforaer  in  its  wall  entrance 
insulators  froa  the  side  of  the  increased  voltage  [1.  19-1]. 

23-5.  Regulating  the  voltage  of  transforaers. 

The  load  of  the  users  of  electric  power  is  never  constant,  but 
it  changes  both  in  the  course  of  twenty-four  hours  and  during  season. 
A  change  in  the  load  of  users  produces  change  in  the  load  of  their 
feeding  electric  systen.  The  latter  is  accoapanied  by  a  change  in  the 
loss  of  line  voltage  and  as  consequence  by  a  change  in  the  voltage  on 
the  busbars  of  the  reducing  suostations  and  on  the  terainals/grippers 
of  electrical  receivers. 

In  practice  they  resort  to  different  aethods  of  regulating  the 
line  voltage  which  are  exaained  in  special  textbooks  [1.  7-1]  along 
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electrical  networks  and  transmission  lines.  In  particular,  greatly  is 
used  extensively  regulating  voltage  by  a  change  in  the  transformation 
ratio  of  transformers,  on  some  installations  the  voltage  is  regulated 
with  the  aid  of  injector  transformers. 


Pig.  23-5.  Schematic  of  oil- water  cooling  of  transformer.  1-  oil 
pump,  2  -  oil  cooler;  3  -  air  separator. 

Key;  (1).  oil.  (2).  Bater. 


Pig.  23-6.  Expander  of  transformer. 


Page  376. 

There  are  two  types  of  the  transf or aers:  the  transformers  in 
which  it  is  possible  to  change  transformation  ratio  only  after  their 
cutoff/disconnection  frca  network/grid,  and  the  transformers  the 
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transformation  ratio  of  which  can  be  changed  during  their  work,  i.e., 
under  load. 

First  type  transfcraers  are  installed  in  those  all  cases  when  in 
the  process  of  operating  transfcraers  not  at  all  they  utilize  for 
regulating  the  voltage  on  prolonged  seasonal  operating  cycle. 

The  second  install  waen  the  technical-econoaic  calculations 
during  the  design  of  network/grid  show  that  by  most  economical  is 
regulating  line  voltage  by  changing  the  transformation  ratio  of  its 
feeding  transformers. 

Transformers  with  ratio  regulation  under  load  are  used 
extensively  in  power  systems,  therr  placing  on  district  and  local 
substations,  and  also  on  power  plants. 

Regulating  voltage  by  a  change  in  the  transformation  ratio  of 
transformers  without  load.  The  transformation  ratio  of  transformers 
is  changed  with  the  aid  of  tne  supplementary  branchings,  provided  for 
on  their  windings.  Double  wound  transformers  usually  have 
supplementary  branchings  on  high-voltage  windings,  and  triple-wound  - 
on  the  windings  of  the  highest  and  average  of  voltages.  The  windings 
of  the  transformers  of  small  and  average/nean  power  normally  have  two 
supplementary  branchings  for  obtaining  the  transformation  ratio. 
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different  fron  nominal  to  *5  and  -5o/o.  The  windings  of  all 
transformers  of  large  power  nava  four  supplementary  branchings  for 
obtaining  the  transformation  ratio,  different  fron  nominal  to  *5; 
♦2.5;  -2.5  and  5o/o.  In  certain  cases  of  the  winding  of  transformers 
have  other  versions  of  branchings. 


For  a  double  wound  transformer  (Fig.  23-7)  approximately  it  is 
possible  to  write  whence  .. 

^UH  _  ‘’llll, 

UHH  “'till  ’ 


UjV\.cW 

or 


II  _ 

1 1 1 1  — *  - - - 


111! 


BH 


It  _ ^HH^BIl 

Ull  * 


‘'Hll 


(23-5) 


where  ^un~  load  voltage  of  the  winding  VN; 


^HU—  load  voltage  of  the  winding  NR; 


u’bh  ~  number  of  connected  turns  o'  the  winding  VN; 


<c’hh—  number  of  turns  of  the  winding  NN. 


If  in  step-down  voltage  transformer,  conducted/supplied  to 


primary  winding,  increased,  then  for  maintaining  load  voltage  of 
secondary  winding  to  previous  ones  it  is  necessary  a  number  of 
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connected  to  network/grrd  turns  of  primary  winding  to  increase;  an 
increase  in  load  voltage  of  secondary  winding  with  the  decrease  of 
the  voltage,  conducted/supplied  to  priaary  winding,  is  achieved  by 
the  decrease  of  a  nuaber  of  connected  turns  “W 

Switching  from  one  brancarng  to  another  is  realized  with  the  aid 
of  the  special  switch  vnose  handle  is  brought  out  to  the  cover/cap  of 
transformer. 

For  switching  from  one  brancarng  to  another  the  transformer  must 
be  disconnected  both  frca  the  network/grid  of  primary  and  from  the 
networK/grid  secondary  voltage. 

Example  of  23-2.  Step-down  tapped  transformer  for  ratio 
regulation  to  _t5o/o  (Fig.  2J-7)  is  connected  to  power  line  by  the 
teninals/grippers  of  t.ne  fundamental  conclusion/output  AX2;  load 
voltage  of  primary  winding  AX2  increased  by  5o/o.  what  it  is 
necessary  to  make  in  order  to  preserve  load  voltage  of  secondary 
winding  the  same  as  before/  Sesponse/ans wer.  Por  this,  first  of  all, 
necessary  to  disconnect  transrormer,  i.e.,  to  disconnect  its  switch 
and  disconnectors,  and  then  to  disconnect  wire  from 

terainals/grippers  X2  and  to  connect  it  to  terminal/gripper  x,.  After 
this  transformer  can  be  included/connected. 
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If  load  voltage  of  pnaary  winding  decreases  by  5o/o,  then  wire 
fro*  terminal/gripper  X2  it  is  necessary  to  reconnect  to 
terminal/gripper  X3. 

In  the  step-up  transformer  secondary  winding  is  the  high-voltage 
winding  (with  branchings).  Tnererore  for  maintaining  constant  load 
voltage  of  secondary  winding  with  the  decrease  of  load  voltage  of 
primary  winding  it  is  necessary  a  number  of  turns  a'wi  to  increase, 
and  with  an  increase  in  load  voltage  of  primary  winding,  on  the 
contrary,  to  decrease. 
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Regulation  off-shoots  depending  on  voltage  and  power  of 
transformers  make  either  near  tne  neutral  particle  of  windings  (Fig. 
23-7)  ,  or  in  their  middle  part.  In  the  latter  case  the  winding  is 
divided  into  two  parts  (Fig.  23-8) . 

Regulating  voltage  by  a  cnange  in  the  transformation  ratio  of 
transformers  under  load.  With  a  change  in  the  transformation  ratio  of 
transformer  under  load  the  passage  from  one  off-shoot  of  winding  to 
another  is  produced  without  tne  interruption  of  current  in  the  fed 
network/grid,  which  is  achieved  by  simultaneous  connection  to  the 
period  of  the  transf er/trauslation/conversion  of  two  regulation 
off-shoots.  The  passage  indicated  is  produced  with  the  aid  of  special 
switching  system,  structurally/constructionally  being  part 
transformer  itself.  The  transformers,  supplied  with  this  switching 
system,  call  transformers  with  the  built-in  regulating.  There  are 
many  different  schematics  of  the  devices/eguipment  of  the  built-in 
regulating.  Let  us  become  acquainted  with  one  of  then,  that  is 
adapted  for  Soviet  transformers  (Fig.  21-8). 


j 

J 


DOC  =  79 


PAGli 


Device/equipment  consists  of  slide  contacts  a  and  b,  contactors 
K-1  and  K-2  and  reactor  £,  from  the  aiddle  of  turns  of  which  is  made 
the  off-shoot,  connected  with  one  of  the  halves  of  the  winding  of 
transformer.  Under  normal  conditions  for  work  both  slide  contacts  a 
and  b  are  found  on  fixed  contact  of  one  of  the  off-shoots  both 
contactors  K-1  and  K-2  are  included.  The  current  of  load 
flows/occurs/lasts  through  noth  slide  contacts,  both  contactors  and 
both  halves  of  the  winding  or  reactor.  Since  currents  and, 
consequently,  also  magnetic  ixuxes  in  both  halves  of  the  winding  of 
reactor  are  nearly  equal  and  opposite,  then  under  normal  conditions 
for  work  the  resulting  aagnetic  flux  of  reactor  (leakage  flux)  is 
small,  its  inductive  reactance  is  negligible  and  the  loss  of  voltage 
in  reactor  is  insignificant  (5-bo/o  of  single-stage  voltage  of 
regulating).  Upon  transfer  rrom  one  off-shoot  tc  another,  for  example 
from  2  by  3,  disconnect  contactor  K-2  and  slide  contact  b  they  move 
to  fixed  contact  off -shoots  3.  After  this  contactor  K-2  they  switch 
on,  as  a  result  of  whicn  the  armature  coil,  the  prisoner  between 
off-shoots  2-3,  are  locked  to  reactor.  In  this  case  through  each  half 
reactor  flows/occurs/lasts  the  half  of  the  current  of  load  and  the 
cross  current,  caused  by  voltage  between  off-shoots  2  and  3. 


Cross  current  in  both  halves  reactor  has  identical  direction 


DOC  =  79 


PAGE 


1 


Vv 

and  the  current  of  load  -  different.  Therefore  of  the  strength  of 
resulting  current  in  each  of  tne  halves  reactor  they  are  different: 
in  one  it  is  equal  to  vector  sue  of  the  half  of  the  current  of  load 
and  cross  current,  but  in  another  -  their  geonetric  difference. 
Because  of  this  the  magnetic  fluxes  of  both  halves  reactor  completely 
are  not  compensated,  the  resulting  magnetic  flux  and,  consequently, 
also  inductive  reactance  of  reactor  they  grow/rise.  The  latter  limits 
the  value  of  cross  current  to  the  specific  permissible  value. 

After  the  start  of  contactor  K-2  is  disconnected  the  contactor 
K-1,  slide  contact  a  move  to  fixed  contact  off-shoots  3  and  then  is 
connected  contactor  K-1.  On  this  tne  process  of  switching  to  another 
off-shoot  concludes. 

In  transformers  with  the  built-in  regulating  adjusting  device 
can  be  built  in  primary  or  secondary  winding.  For  the  purpose  of  the 
maintenance  of  exciting  current  oi  transformer  by  constant  and  close 
to  nominal  switching  system  to  rationally  build  in  into  that  winding 
from  the  side  of  which  in  the  process  of  operation  changes  the 
applied  voltage.  For  example,  in  the  step-down  transformer,  which 
feeds  from  the  network/grid  whose  voltage  frequently  changes, 
switching  system  it  is  expedient  tc  have  in  high-voltage  winding. 

A  range  and  a  number  of  steps/stages  of  ratio  regulation 
depending  on  power  and  conditions  for  the  work  of  transfocner  can  be 

different. 


Pig.  23-7.  Winding  diagram  of  one  phase  of  three-phase  transformer 
•  ith  regulation  off-shcots. 

Key:  ( 1)  .  Winding. 

Pig.  23-8.  Diagram  switching  systems  for  changing  transformation 
ratio  of  transformer  under  load. 

Page  378. 

So,  in  powerful/thick  transrormers  a  number  of  steps/stages  of 
adjustment  reaches  to  8-10,  and  the  range  of  regulating  -  to  £12o/o. 

Reactor  and  device/eguipment  with  mobile  and  fixed  contacts 
arrange/locate  in  the  tank  of  transformer,  and  contactors  are  mounted 
on  insulating  plate/slab,  tney  place  into  the  steel  box,  flooded  by 
transformer  oil,  and  they  strengthen/fasten  from  the  face  of  the  tank 
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of  transformer.  To  arranye/locate  contactors  inside  the  jacket  of 
transformer  is  impossible,  since  the  arc  on  the  contacts  of 
contactor,  which  is  formed  in  control,  makes  the  quality  worse  of 
oil. 


Switching  systems  supply  witu  the  drive  mechanisms  which  are 
given  in  action  by  the  eldctric  motors  of  direct  or  alternating 
current.  Drive  mechanisms  are  y overned/c ontrolled  remote  with  control 
board,  but  they  can  be  yoverned/controll ed  and  it  is  automatic  under 
the  action  of  voltage  relay.  Furthermore,  always  allow  for 
managements  by  hand. 

Soviet  plants  manufacture  tne  transformers,  regulating  under 
load  in  which  is  produced  on  the  side  of  high  voltage  within  limits 
of  *100/0  of  nominal  (by  eignt  steps/stages  on  2.5o/o).  In 
triple-wound  transformers.  Desides  regulating  under  load  on  the  side 
of  high  voltage,  is  provided  tor  tne  regulating  without  load  on  the 
side  of  medium  voltage  witnin  limits  of  ±5o/o  (four  steps/stages  on 
2.5o/o).  In  transformers  with  niyh  voltage  to  35  kV  inclusively 
regulation  off-shoots  are  made  in  the  middle  part  of  the  windings  (it 
is  similar  to  Fig.  23-8),  while  in  transformers  with  high  voltage  110 
kV  -  near  the  neutral  particle  (it  is  similar  to  Fig.  23w7)»  In  the 
latter  case  the  star  is  formed  by  the  connection  of  midpoints  of  the 
reactors  of  three  phases  of  adjusting  devices. 
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The  apparatuses  of  adjusting  devices  of  Soviet  transformers  110 
kv  have  isolation,  designed  for  voltage  35  kv.  in  connection  with 
this  the  neutral  particles  of  transformers  110  kv,  whose  adjusting 
devices  are  arranged/1 ccated  from  the  side  of  neutral  particle,  must 
tightly  be  grounded  or  oe  included  through  dischargers  35  kv. 

Regulating  voltage  with  the  aid  of  injector  transformer.  In  this 
case  regulating  load  voltage  is  achieved  with  the  aid  of  special 
regulating  transformer,  called  Booster. 

Injector  transformer  consists  of  two  parts,  executed  of  one  or 
two  jackets  (Fig.  2  3-9):  sequential  transformer  and  its  feeding 
transformer  or  autotransformer.  Secondary  winding  of  sequential 
transformer  is  connected  with  that  winding  of  main  transformer  in 
circuit  of  which  is  assumed  regulating  voltage,  and  its  primary 
winding  they  connect  up  secondary  winding  of  the  feeding  transformer. 
The  primary  winding  of  the  latter  they  usually  connect  to  the 
low-voltage  winding  of  main  transformer. 

In  secondary  winding  of  sequential  transformer  is  inducted  emf, 
which  geometrically  is  added  to  the  voltage  of  the  winding  of  main 
transformer  and  it  changes  thereby  its  value. 
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The  primary  winding  of  sequential  transformer  they  connect  up 
the  feeding  transformer  on  the  special  diagram  according  to  which  one 
end  the  windings  of  sequential  transformer  connect  to  the 
average/mean  (neutral)  off-shoot  a  of  the  feeding  transformer,  and 
its  another  end  they  connect  up  aiupoint  of  reactor  P  of  switching 
system.  The  latter  executed  worts  just  as  given  in  Fig.  23-8.  Kith 
the  displacement/movement  of  contacts  a  and  b  of  switching  system  to 
one  or  other  side  from  the  neutral  off-shoot  H,  i.e.,  over  fixed 
contacts  5-6-7-S  or  4- 3-^-1,  inducted  in  secondary  winding  of 
sequential  transformer  emf  proves  to  be  directed  to  opposite  sides: 
in  one  case  toward  an  increase  in  the  voltage  in  the  adjustable 
circuit,  and  in  other  -  toward  tne  decrease  of  voltage. 
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Pig.  23-9.  Control  circuits  of  voltage  with  the  aid  of  injector 
transformer  (it  is  shown  for  one  pnase) . 

Key:  (1).  Winding  of  main  transformer.  (2).  Sequential  transformer. 
(3)  .  Feeding  transformer. 


Page  379. 


Let  us  note  that  secondary  winding  of  sequential  transformer 
usually  join  up  the  windings  ot  main  transformer  from  the  side  of 
zero  so  that  during  the  snort  circuit  in  sequential  transformer  its 
windings  would  be  protected  uy  winding  impedance  of  main  transformer. 

Injector  transformers  can  be  used  both  for  regulating  the 
voltage  in  value  -  the  so-cailed  longitudinal  regulating  and  for  its 
regulating  on  phase,  transverse  regulating.  The  basic  difference 
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between  thee  consists  in  the  diagram  of  connection  of  the  windings  of 
the  feeding  transformer.  Fig.  2J-1Q  depicts  diagrams  and  vector 
diagram  of  the  voltages  of  the  step-up  transformer  with  longitudinal 
regulating.  As  can  be  seen  from  diagram,  with  longitudinal  regulating 
the  voltages  of  secondary  windings  of  sequential  transformer  coincide 
in  phase  with  the  voltages  of  the  nigh-voltage  windings  of  main 
transformer. 


With  the  transverse  regulating  of  the  winding  of  the  feeding 
transformer  and  the  ends  of  its  adjusting  device  connect  so  that  the 
vectors  of  the  voltages  of  secondary  windings  of  sequential 
transformer  would  be  perpendicular  to  the  voltages  of  the  phases  of 
network/grid.  Then,  changing  a  quantity  and  a  direction  of  the 
off-shoots  of  adjusting  device  of  the  feeding  transformer,  is  the 
possible  to  change  value  and  direction  of  the  regulated  vector  of 
voltage  with  respect  to  basic,  i.e.,  to  conduct  regulating  on  phase. 


Regulating  voltage 
use  in  the  transformers 
district  substations  of 
built-in  regulating  the 
of  injector  transformer 
•z pensive. 


with  tne  aid  of  injector  transformer  finds  a 
of  the  large  power  of  electrical  stations  and 
power  systems.  In  comparison  with  the 
device/equipment  of  regulating  with  the  aid 
is  more  complicated  and  considerably  more 
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23-6.  Autotransf orners. 


Autotransforner  in  its  devj.ee/eq uipnent  differs  from  usual 
transforaer  in  teras  of  tae  fact  that  its  primary  and  secondary 
windings  are  not  separated,  but,  on  the  contrary,  connected 
electrically  (Fig.  23-1  la). 


In  the  reducing  autotransforner  (Fig.  23-1  la)  primary  current 
I* ,  being  sent  froa  electric  power  source  toward  receivers  II, 
flcws/occurs/lasts  over  the  part  oi  winding  Aa,  which  contains 
w,=w-w*  turns  where  w  -  a  nuaoer  or  turns  of  the  entire  winding  Ax. 
In  this  case  in  the  part  or  winding  ax  is  inducted  current  I'*,  by 
the  directly  opposite  to  current  i,.  In  the  circuit  of  receivers  or, 
otherwise,  in  second  circuit  fiows/occurs/lasts  current  1**1, tl** 
(the  angular  displacement  of  currents  we  do  not  consider) . 


Transformation  ratio  of  the  autotransf oraer 


k 


•r 


id 


u,  • 


(23-G) 


The  power,  equal  to  (:>,  -  power  of  one  phase;  0,  -  phase 

voltage) ,  is  called  the  transfer  power  of  the  autotransforner  (see 
explanations  to  Fig.  23-  12). 
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Fig.  23-10.  Circuit  diagram  of  injector  transformer  for  the 
longitudinal  regulating  cf  voltage,  a)  diagram  unilinear;  b)  diagram 
trilinear;  c)  vector  diagram  or  voltages. 


Key:  (1).  kV.  (2).  Main  transformer.  (3).  Sequential  transformer. 
(4)  .  Low-voltage  winding  of  mam  transformer.  (5)  .  High-voltage 
winding  of  main  transformer.  (t>) .  feeding  transformer. 
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Daring  the  comparison  of  aurotr anstor mer  with  usual  transformer  the 
amount  of  the  transfer  power  of  the  first  shows,  to  what  power  it 
voald  be  necessary  to  prepare  usual  transformer  so  that  it  could 


valuably  replace  this  autotransformer. 
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The  second  power  of  one  phase  is  equal  to  S2=U2I2=U2I , ♦  U2l*  2  (02 
-  phase  voltage),  i.e.,  the  second  power  of  autotransf ormer  is 
comprised  of  two  parts:  power  U2Il#  called  the  electrical  power  which 
is  transferred  by  primary  current  directly  into  second  circuit,  since 
both  circuits  are  connected  electrically,  and  power  U2I*2,  called  the 
electromagnetic  power  which  is  obtained  by  transformation  with  the 
participation  of  magnetic  flux. 

Voluae  and  weight  of  any  transformer  are  determined  by  the 
■ainly  transformed  power.  Consequently,  volume  and  weight  of 
autotransf oraer  are  determined  by  the  mainly  electromagnetic  power 
which  in  autotransf ormets  is  callea  calculation  or  standard.  The 
amount  of  standard  power  depends  on  the  relationship/ratio  of  primary 
and  second  voltages  and  usually  comprises  only  the  part  of  the 
transfer  power  of  autotransr ormer.  Thus,  for  instance,  with  the 
relationship/rat to  of  voltages  220/110  k. V  standard  power  composes 
50o/o,  with  the  relationship/ratio  of  voltages  400/220  kV  -  45o/o, 
and  with  the  relationship/ratio  of  voltages  400/110  kv  -  73o/o  of 
transfer  power. 


Since  standard  power  composes  only  the  part  of  the  passage, 
then,  therefore,  the  standard  power  of  autotransformer  composes  only 
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the  part  of  the  power  of  usual  transformer.  In  connection  with  this 
the  volume,  weight  and  cost/value  of  autotransf otmer  in  comparison 
with  volume,  weight  and  cost/value  of  the  usual  transformer  of  the 
saae  power  are  obtained  smaller;  transport,  installation  and 
installation  are  facilitated;  tae  losses  of  electric  power  in  copper 
of  windings  and  steel  of  core  are  also  obtained  smaller,  but 
efficiency  -  are  above. 

Inductive  reactance  of  autotransforaers  in  comparison  with  usual 
transformers  (at  identical  power  and  with  voltages)  is  less,  thanks 
to  which  it  is  less  than  the  loss  of  voltage  in  autotransformer.  The 
latter  improves  the  conditions  of  regulating  the  line  voltage,  and  it 
also  decreases  the  losses  of  reactive  power. 

The  advantages  of  autotransrormers  can  be  judged  from  the 
coaparative  data  given  rn  raole  2J-1.  Data  are  related  to 
single~phase  transformers  witn  tae  identical  method  of  cooling,  made 
from  unifora  active  materials  also  for  the  identical  levels  of 
testing  voltages. 

Together  with  the  aerits  indicated  the  autotransformers  possess 
the  number  of  the  deficiencies/iacks,  basic  of  which  are  the 
following. 
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If  we  the  neutral  particle  or  the  windings  of  autotransformer  do 
not  ground,  then  during  single-pnase  closing/shorting  to  the  earth  in 
the  network/grid  of  hign  voltage  the  potential  of  two  other  phases  of 
the  network/grid  of  low  voltage  relative  to  the  earth/ground  can 
increase  to  the  inadmissible,  dangerous  for  its  isolation  value.  To 
avoid  this  of  the  neutral  particle  of  the  windings  of 
autotransformers  it  is  necessary  to  ground  tightly  or  through  small 
inductive  reactances. 

Consequently,  aut otransfor mers  can  be  adapted  only  in  the 
networks/grids,  which  worn  with  dully  grounded  neutrals. 

The  conditions  for  the  work  of  high-voltage  apparatuses  in 
networks/grids  with  autotransformers  heavier  than  with  usual 
transformers,  in  view  c£  tne  fact  that  inductive  reactance  of 
autotransformers  is  less,  put  short-circuit  currents  are  more.  In 
this  case  especially  increase  tne  currents  of  single-phase 
closings/shortings  to  tne  earth  because  of  the  need  for  the  grounding 
of  the  neutral  particles  of  all  autotransformers.  In  certain  cases 
the  currents  of  single-phase  closings/shortings  to  the  earth  can  even 
exceed  the  currents  of  three-phase  short  circuits. 


Fig.  23-11.  Schematic  diagrams  or  one  phase  of  autotransformers. 

Page  381. 

To  avoid  the  latter  in  the  net  worits/grids  of  neutral  particle  in  the 
part  of  the  transformers  vita  separate  windings  they  unground  (see 
Chapter  5),  and  in  the  neutral  particle  of  some  autotransformers  they 
switch  on  inductive  reactances,  than  and  limit  the  currents  of 
single-phase  closings/sncrtings  to  the  earth  to  the  strength  of 
currents  of  three-phase  closing s/shortin gs. 

In  autotransformers  tne  circuit  of  low  voltage  is  electrically 
circuital  of  high  voltage,  thanxs  to  which  with  overvoltages  in  the 
neteork/grid  of  high  voltage  is  possible  the  passage  of  the  wave  of 
overvoltage  into  the  networK/gr id  of  low  voltage  and  as  consequence 


I 
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is  possible  damage  to  the  isolation  and  of  the  apparatuses, 
established/installed  in  the  network/grid  of  low  voltage.  To  avoid 
the  damages  indicated  it  is  necessary  to  use  reliable  surge 
protection,  made  in  the  fora  of  nonlinear  resistance  arresters,  dully 
joined  from  both  sides  ct  autotransf orme r  winding. 

In  power  systems  the  autotransformers,  made  according  to  diagram 
in  Fig.  23-11a,  they  do  not  usually  use.  There  use  autotransf cruets 
(Fig.  23- 1 1b)  ,  which,  besides  two  windings  VN  and  SN,  connected 
electrically,  have  even  separate  -  third  -  winding,  connected  into 
triangle.  The  latter  has  magnetic  coupling  with  the  windings  VN  and 
SN  and  serves  for  compensating  the  currents  of  the  third  harmonic. 

Besides  the  compensation  indicated,  third  winding  of  autotransformers 
on  the  reducing  substations  is  used  for  the  nourishment  of  the 
adjacent  users  and  connection  of  tne  synchronous  condensers,  and  on 
power  stations  -  for  switching  of  generators.  In  the  latter  case  the 
autotransformers  are  used  as  those  increasing, 

Autotransf ormers  with  the  third  winding,  utilized  for  the 
nourishment  of  users  or  connection  of  generators,  fairly  often 
conditionally  call  triple-wound  autotransf ormers. 


For  the  purpose  the  most  complete  uses  of  advantages  of 
autotransformers  the  power  of  the  third  winding  assume/take  possibly 
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less,  on  the  basis  of  the  guarantee  of  electrodynamic  stability  of 
winding  with  the  flow  o f  short-circuit  currents.  The  highest 
efficiency  of  the  third  winding  aust  not  exceed  the  standard  power  of 
aatotcansforaer,  since  otherwise  tae  third  winding  will  be  being 
detereining  the  construction/design  of  a utotransf oraer.  Soviet  plants 
■anufacture  a utotransf oraers  with  a  third  winding  whose  power 
coaposes  25-50o/o  of  power  of  inducing  windings,  i.e.,  with  the 
relationship/ratio  of  the  power  of  the  windings  VN-SN-NN,  equal  to 
lOOo/o/l 00o/o/25o/o  with  100o/o/10i)o/o/5  0o/o  (see  Table  23-1  and 
P-5).  The  voltage  of  the  tmru  winding  is  selected  in  accordance  with 
its  use  and  they  take  as  the  equal  to  6.6;  11;  13.8;  15.75;  18  or 
38.5  kV.  Inducing  windings  manufacture  to  voltages  420  and  242;  420 
and  121;  242  and  121  kV,  etc.  At  present  autotransf ormers  can  be 
carried  out  to  power  to  750  MVA  in  group  (to  250  MVA  in  phase)  and 
even  greater. 

Because  of  the  row  of  advantages  in  comparison  with  transformers 
with  separate  windings  the  autotransf ormers  at  present  begin  to 
obtain  the  widest  application  noth  in  our  USSR  and  abroad. 
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Table  23-1.  Data  of  single-phases  transformer  220  kV  of  Moscow 
transformer  plant. 
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Key:  (1).  Wo  in  order.  (2).  Connection/communication  between  windings 
of  highest  and  average  of  voltages.  (3).  Open-circuit  voltage,  kV. 

(4).  Power  of  windings,  MVA.  (b) .  Impedance  voltage,  in  reference  to 
power  of  winding  VN,  o/o.  (6) .  Transformer.  (7) .  Autotransf oraer . 

(8).  Weight  of  active  steel,  t.  (9).  Weight  of  copper,  t.  (10). 

Weight  of  cutting  part,  t.  111).  Total  weight  without  oil,  t.  (12). 
Weight  of  oil,  t.  (13).  Overall  sizes  (length,  width,  height),  am. 
(14).  Losses  in  steel,  o/o.  (15).  Losses  in  copper,  o/o.  (16). 

Summary  losses,  o/o. 
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Id  conclusion  let  us  examine  the  nodes  of  operation  of 
triple-wound  autotransf oroers  during  their  use  as  those  reducing  and 
increasing.  The  exaaination  of  aod.es/conditions  let  us  conduct  on 
concrete/specific/actual  tripie-wound  autotransf oraer  in  three-phase 
noainal  transfer  power  500  MVA  with  the  relationship/ratio  of  the 
power  of  the  windings  (Vti-SN-NN)  by  100o/o/100o/o/50o/o.  Voltages  of 
the  windings  VN  and  SN  are  equal  to  with  respect  420  and  242  kV.  For 
siaplicity  let  us  accept  transfer nation  ratio  equal  to  400/200  kV. 
tinder  these  conditions  of  nominal  power  s  r>oo  HVA  in  400  kV 
corresponds  the  current  720A,  and  with  200  M  current  1440A. 

Fig.  23-12  shows  current  distribution  in  the  windings  of  one 
phase  during  six  different  modes  of  operation  of  autotr ansformer. 
nodes/conditions  a  and  b  correspond  to  the  work  of  autotransforaer  as 
that  reducing,  while  modes/conditions  c  and  d  -  as  that  increasing. 

In  aode/conditions  a  the  winding  NN  at.  idling,  i.e.,  it  plays 
the  role  only  of  pole  face  winding.  Power  s,,,,,-,  is  transferred  from 
the  side  VN  to  side  SN  in  two  ways:  one  half  -  electrically,  and 
another  -  electromagnetic. 

In  eode/conditions  b  one  half  power  SH0M  is  transferred  to  side 
SR  electrically,  and  anotner  -  into  the  winding  NN 
electroaagnetically.  with  a  similar  relationship/ratio  of  power  on 
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sides  SN  and  NN  the  current  of  load  in  the  part  of  winding  ax  does 
not  flow/occur/last. 

In  mode/conditions  c  tne  nominal  power  of  winding  MM,  egual  to 
the  half  of  the  nominal  transfer  power  of  autotransf oraer,  is 
transferred  to  the  winding  VN.  Tne  latter  in  this  case  proves  to  be 
loaded  only  half  that  considerably  are  decreased  the  energy  losses  in 
windings.  A  decrease  in  the  losses  in  this  mode/conditions  represents 
one  of  the  advantages  of  the  use/application  of  triple-wound 
autotransformers  as  those  increasing  on  power  stations. 

In  mode/conditions  d  the  nominal  power  of  the  winding  NN  is 
transferred  into  the  winding  SN  electromagnetically.  Inducing  winding 
in  the  limits  of  entire  its  length,  i.e.,  both  in  the  part  of  Aa  and 
in  part  of  ax,  is  carried  out  one  section,  in  our  case  of  the 
calculation  of  passage  720a.  Conseguently,  in  this  mode/conditions 
the  part  of  inducing  winding  ax.  Delonging  to  the  winding  SM,  proves 
to  be  loaded  completely.  It  is  clear  that  additional  power,  for 
example  from  the  side  VN,  in  this  mode/conditions  to  issue  into  the 
winding  SN  is  not  represented  by  possible. 

In  mode/conditions  e  the  winding  VN  is  loaded  to  the 


full/tota 1/complete  nominal  transfer  power  the  half  which  to  it  is 
transferred  electromagnetically  from  the  side  NN  and,  etc.  -  from  the 
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side  SN  electrically.  Conseguently,  in  this  mode/conditions 
autotransf orier  permits  half  its  nominal  transfer  power  to  pass  from 
the  side  SN  with  the  completely  loaded  winding  NN.  The  latter  usually 
is  used  at  the  electrical  stations  where  the  use/application  of  the 
increasing  triple-wound  autotransf ormers  in  a  number  of  cases  makes 
it  possible  to  simplify  the  diagram  of  the  electrical  connections  of 
station,  to  decrease  a  guantity  of  installed  transformers,  switches 
and  other  apparatuses  of  nigh  voltage  and  to  obtain  thereby 
significant  savings  in  capital  expenditures. 

Hode/conditions  f  with  tne  reiationship/ratio  of  power  indicated 
is  iradmissible,  since  in  this  case  part  ax  of  inducing  winding  is 
overloaded  one  and  a  half  tines.  Tnis  mode/conditions  is  possible 
only  with  a  corresponding  decrease  in  the  power  flux  from  the  winding 

NN. 


Prom  the  point  of  view  of  the  use  of  autotransf ormers  and 
decrease  of  the  losses  of  electric  power  the  best  modes/conditions 
are  nodes/conditions  a  and  n,  i.e.,  with  the  work  of  autotransformers 
as  those  reducing.  However,  also  during  the  use  of  autotransformers 
as  those  increasing  in  very  many  cases  they  prove  to  be  more 
advantageous  than  usual  transformers  with  separate  windings. 


*&  - 
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Fig.  23-12.  Current  distribution  in  the  windings  of  triple-wound 
autotransf or ler  during  different  operating  nodes. 


Appendices 


P-1.  Fundamental  characteristics  o t  turbogenerators. 
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Motes: 


1.  All  turbogenerators  are  double-pole  with  speed 
rotations/revolutions  3000  r/a in. 


2.  Turbogenerators  of  types  TVS,  TV  and  TV 2  have  surface  cooling 
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by  hydrogen  of  windings  of  stator-rotor  unit. 

Turbogenerators  of  the  type  TGV-200  (KhETZ)  are  carried  out  with 
direct  internal  cooling  by  aydrogen  at  a  pressure  3  An(gage)  of  the 
windings  of  stator-rotor  unit. 

Turbogenerators  of  tne  type  T VP  (plant  "electric  power")  are 
carried  out  with  surface  cooling  by  hydrogen  at  the  pressure  by  2  or 
3  Aa(gage)  of  the  stator  winding  and  by  internal  cooling  of  the  coils 
of  rotor  (forced  cooling  -  F). 

3.  Characteristics  of  turoogenerators  of  types  TGV-300  (KhETZ) 
and  TVV-300  (plant  "electric  power")  -  preliminary  according  to 
specifications  projects.  A  turbogenerator  of  the  type  TGV-300  is 
designed  with  internal  cooling  ay  hydrogen  at  a  pressure  3  Am  (gage) 
of  the  winding  of  stator-rotor  unit. 

A  turbogenerator  of  the  type  TVV-300  is  designed  with  the 
internal  cooling  of  the  coils  of  stator  by  the  distilled  water  and 
the  rotor  winding  by  hydrogen  at  a  pressure  3  Am  (gage). 


Key:  (1).  Type  of  generator.  (2).  Nominal  power.  (3).  Nominal 
voltage,  kv.  (4).  Oltratransitory  inductive  reactance.  (5).  Agent. 
(6).  Weight,  t.  (7).  nva.  (d)  .  HU.  (9).  power,  kW.  (10).  voltage,  in 
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(11).  rotor, 
ventilation. 


(12).  generai/coaaon/total.  (13),  Turbogenerators  with 
(14).  Turbogenerators  with  hydrogen  cooling.  (15).  and. 


P-2.  Fundamental  characteristics  or  powerful/thick  vertical  hydraulic 

generators. 
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Mote.  A  designation  of  the  type  of  the  hydraulic  generator:  SV  - 


series  of  the  powerf ul/thic*.  vertical  hydraulic  generators;  VGS 
series  of  the  vertical  hydraulic  generators  of  individual 
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performance.  Numerator  or  fraction  denotes  outside  diameter,  and 
denominator  -  length  of  active  steel  of  stator  in  centimeters. 

Numeral  after  line  indicates  a  uumoer  of  poles  of  rotor  (2p) . 

Key:  (1).  Type  of  generator.  (2) .  speed  of  rotation,  r/min.  (3). 
Nominal  power,  NVA.  (4).  Nominal  voltage,  kV.  (5).  Ultr atr ansitory 
inductive  reactance.  (6)  .  Weight,  t.  (7)  .  rotor.  (8)  . 
general/common/total . 

Page  384. 

P-4.  Fundamental  characteristics  of  the  power  transformers  of  Soviet 

plants. 

The  type  of  transformer  they  conditionally  designate  by  letters 
and  numerals.  By  letters  they  designate  a  number  of  phases,  cooling 
system,  number  of  windings  and  lightning  resistance  of  transformer, 
but  by  numerals  -  nominal  power  of  transformer  and  its  high  voltage. 

The  letterings:  OD,  OTs,  XH,  TS,  TD ,  TTs ,  TDTs ,  TDN,  ODT,  TDT, 
TDTG,  etc.  The  first  letter  indicates  a  number  of  phases  (0  - 
single-phase,  T  -  three-phase) ;  the  second,  and  in  some  types  of 
transformers  the  second  and  tnira  letters  indicate  the  cooling  system 
(H  -  natural  oil,  S  -  air-immersed  transformer,  i.e.. 


with  natural 
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air  cooler,  D  -  with  forced  ventilation  (with  blowing),  Ts  -  with  the 
forced  circulation  of  oil  and  water  cooling,  DTs  -  with  the  forced 
circulation  of  oil  througn  air  coolers).  The  following  letters  they 
indicate  a  number  of  windings  (T  -  three),  a  method  of  ratio 
regulation  (N  -  under  load) ,  and  also  to  the  lightning  resistance  of 
transformer  (G  -  lightning- proot) .  Numerals  superscribe  the  fraction, 
whose  numerator  indicates  tne  nominal  power  of  transformer  in 
ki lo-volt-amperes,  and  denominator  -  high  kilcvoltage. 

Examples  of  the  designations  of  the  types: 

TH-180/6  -  three-phase  witn  oil-immersed  natural  cooler,  nominal 
power  180  kVA,  high  voltage  6  kV  ODTG-60000/220  -  single-phase  with 
forced  ventilation,  triple-wound,  lightningproof ,  nominal  power  60000 
kVA,  high  voltage  220  kV. 

Let  us  note  that  the  autotransformers  in  contrast  to 
transformers  at  the  end  of  lettering  have  a  letter  A,  for  example: 
ODTGA-80000/220. 

Three-phase  transformers  with  built-in  ratio  regulation  under 
load  are  manufactured: 


with  high  voltage  10  KV  -  by  power  750,  1000,  1800  and  3200  kVA; 
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with  high  voltage  J5  *V  -  ny  power  1800;  3200;  5600;  7500; 
10000,  15000,  20000,  31500  uVA; 

with  high  voltage  110  kV  -  oy  power  3200;  5600;  7500;  10000, 
15000,  20000,  31500,  40500  ana  t»0000  kVA; 

with  high  voltage  22J  rV  -  power  10000,  15000,  20000,  31500, 
40500  and  60000  kVA. 

Regulating  is  produced  on  the  side  of  high  voltage. 

In  triple-wound  transformers,  besides  regulating  under  load  on 
the  side  of  high  voltage,  is  provided  for  also  adjustment  of 
transformation  ratio  without  load  on  the  side  of  medium  voltage.  The 
latter  is  produced  by  off  from  network/grid  transformer. 

The  given  below  tanles  of  technical  characteristics  of  two-  and 
triple-wound  transformers  are  comprised  on  the  basis  of  the 
catalogues  to  power  transformers  and  the  information  materials  of 
Moscow  and  Zaporozh' ye  transformer  plants,  and  also  based  on 
materials  of  Electro  heat-plan  and  Leningrad  division  of 
Gidroenergoproye  kt. 
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P-3.  Fundamental  characteristics  o£  the  synchronous  condensers. 
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Note.  The  compensators  of  types  KS  have  air  cooling,  while  those 
of  types  KS V  -  surface  hydrogen. 


Key:  (1).  Type  of  the  synchronous  condenser.  (2).  Nominal  power,  MVA. 
(3).  Nominal  voltage,  kv,  (4).  Ultratransitory  inductive  reactance. 
(5).  Agent.  (6).  power,  k«f.  (7).  voltage,  in.  (8).  Total  weight,  t. 
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P-4.1.  Standard 


and  110  kV. 

~~TfY~ 

Tm  i 


TM-10/li 
TA1-20/6 
TM-20/10 
TM  50/0 
TM  50  10 
TAT  100/6 
TATIOO/IO 
TM- 1 00/35 
TM-180/6 
TC-I80/I0 
TM-I80/I0 
TM- 180/35 
TM-320,  o 
TC-320/10 
TM-320/1 0 
TM-320/35 
TC  501/10 
TM-569/10 
TM-560/35 
TC-750/10 
TAV750/I0 
TM- 1000/10 
TM- 1 000/35 
TM- 1800/10 
TAT  1800/35 
TAl  3200/10 
TM  3200/35 
TM-5690/10 
TAl  5000/35 
TAM" -5600/ 1 10 
TM -7500/35 
TA\P-7500/l  10 
TZl- 10000/35 
T/jr- 1  oooo/i  io 
T>  l- 15000/35 
T/U  -15000/1 10 
T/l-200 00/35 
T/U  -20000/1 10 
T/l  31500/35 
171-0)500/35 
T/U'  31500/110 
Till"  40500/1 10 
T/U  -00000/ 1 1 0 
0,11-10500/1 10 
o.ll '-13500/1 10 

o;u --’oooo/i  io 

0.11-40000/ 1 10 

Key:  (1) .  Type. 
(4)  .  Cost/value, 
height. 
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double  wound  transformers  to  high  voltage  6,  10, 
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2  500 

4  000 

13.50 

33.70 

5,5 

4  250 

3  700 

4  000 

19.16 

44.40 

7.5 

4  250 

3  700 

4  000 

19.40 

48,50 

10.5 

f»  000 

4  390 

4  690 

35.3 

84.0 

7,5 

5  050 

3  740 

4  140 

22.8 

58.0 

10.5 

5  500 

4  400 

4  955 

40.5 

96.0 

7,5 

3  800 

3  800 

4  235 

25.0 

69.2 

10,5 

5  360 

4  400 

5  105 

40,0 

110.0 

8,0 

4  270 

3  900 

4  GI5 

28.1 

88.0 

10,5 

5  450 

4  450 

5  225 

50,3 

135.0 

8.0 

4  470 

3  900 

5  030 

37,0 

104.0 

10,5 

5  600 

4  450 

5  360 

59,0 

163.0 

8,0 

4  650 

4  140 

5  500 

54,0 

160.0 

8 

6  U00 

4  300 

6  230 

66 

— 

10,5 

6  350 

4  570 

5  945 

70,0 

198,0 

10,5 

6  550 

4  G70 

6  200 

90,0 

244,0 

10,5 

7  300 

4  750 

7  200 

115.8 

328.4 

10.5 

4  000 

4  400 

6  150 

31,3 

95.0 

10,5 

4  200 

4  500 

5  450 

36.5 

•  112.0 

10,5 

5  300 

4  550 

5  700 

45,6 

142.0 

10.5 

6  500 

4  450 

6  800 

76,0 

245.0 

(2).  Overall  dinensions,  nn.  (3).  Gross  weight,  t. 


of  thousand  of  rub.  (5) 


length.  (6).  width.  (7). 


4 
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PAliB  *(<^6 


P-4.2.  Standard  triple-wound  transformers  to  high  voltage  110  kV. 


Notes;  1.  For  the  nominal  power  of  triple-wound  transformer 
starts  the  power  of  its  most  powerful/thick  winding. 


2.  Voltage  of  short  circuiting  between  each  pair  of 
triple-wound  transformers  as  related  to  nominal  power  of 


windings  in 
transformer 


Key;  (1).  Type.  (2).  between  windings.  (3).  Overall  dimensions,  mm. 
(4).  Gross  weight,  t.  (5).  Cost/vaiue,  thousand  of  rub.  (6).  length. 
(7) .  width.  (8) .  height. 


Relationship/ratio  of  tne  power  ot  the  windings  of  triple-wound 


0) 

|  ^3  r«6apiiTHbie  paauepu,  mm 

■Kan 

T»n 

[3) 

v  ajM  »ia 

[gggg 

■ 

T/im-ioooo/i  10 

U 

4  910 

6  660 

53 

T/nwr-ionoo/uo 

— 

5  100 

5  180 

6  440 

70 

236 

Tju.nr-15000/i  iu 

10,7 

4  730 

4  930 

6  490 

60 

231 

TATHIM5000/110 

•  BC  —  10,5 

HU  —  1 7,6 

CH  —  6 

— 

74 

274 

TAiir-20000/110 

11 

4  800 

4  970 

7  080 

70 

250 

T^THr-20000/110 

£32 
M  1 

5  880 

5  270 

6  890 

85 

323 

TAIH-3I000/II0 

12 

0  300 

5  MO 

7  400 

92 

330 

TATI  11-31500/1 10 

HC  —  17,5  (10,5) 
BI1  —  10,5  (17) 
CH  —  6,3  (6) 

6  800 

5  600 

7  600 

123 

397 

TATI  II -10500/1 10 

— 

8  583 

5  275 

7  700 

129 

474 

TUIIII -10500/110 

— 

_ - 

107 

445 

THr --J5000/1 10 

10.5 

6  900 

4  970 

6  350 

90 

292 

t;ut- iyooo/i  io 

10,5 

110 

36 

TAP -70000/1 10 

13 

8  200 

5  500 

7  500 

129 

452 

TA1 -75000/1  10 

10,5 

7  850 

7  400 

126 

Till' -00000/1 10 

10,5 

6  900 

4  260 

7  200 

113 

tahi-i2oooo/iio 

10,25 

7  700 

7  120 

125 

T;mi -180000/1  io 

10,5 

8  470 

7  300 

173 

T/mr-2-10000/110 

10,5 

9  750 

5  300 

6  350 

232 

0/11-50000/1 10 

10,5 

6050 

7  420 

85 

335 

T/U  -10000/150 

U 

6  590 

4710  i 

6  460 

61 

TAI'-l5000/i50 

11,5 

6  630 

6525 

72 

243 

TAt-20000/150 

_ 

___ 

82 

1 10 

275 

360 

TJlTr-20000/150 

_ 

_ _ 

T/ir-31500/150 

12.5 

7  680 

5  070 

6850 

111 

330 

TA1T-3I500  150 

BC  —  18 

Bit  —  12,5 

CH  — 5,5 

8  020 

5  200 

7310 

131 

436 

TAP  -65000/150 

13 

8  670 

5  570 

7  670 

154 

467 

TUI  -70000/150 

H 

6  300 

3800 

7  050 

122 

513 

d 
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Pag*  387.  Continuation  table  p-4.J. 


Tim 


ojnTr-ir.mni/150 

OAT  I '-2000'.  1/150 

OA1  -20000/220 
O.\ll-2000(>/220 

oati'-20ouu/220 


OAT  25000/220 

OAI'-30000/220 
OUT  r -33333/220 


OA  I* -33333/220 
OUT  I’-33333/220 
OZU-tOOOO/j.'U 

OATr-40U00/220 


o/ir-ioooo/220 

OATr-46667/220 


O/II -30000/220 
0/1,1-60000/220 
o/nr  Goooo/220 


Oltr -82500/220 

OUTr  32500/220 
O/U/r- 1 60000/220 
T/ir- 1 0000/220 
T/irr- 1 0000/220 

TAP- 15000/220 
TATP-15000/220 
T/tr-20000/220 
TAT  r -2  0000/220 

T/U'-3 1 500/220 

TATr-J  1 500/220 
T/l  1-40500/220 

T/irr- 10500/220 

TAP -69000/220 
T/ITP  60000/220 
TAUr  00000/220 
TAUi- 1 -'0000/220 
TAUf-  (30000/220 
TAUI'-240(XH)/220 
TAU1 -250000/220 
TAUI'  -360000/220 

our  82500/400 
oun -32500/ 100 

OArr  90000/400 


our- 1 23500/ 100 
OUTI -  1 23500/400 
OAUf- 1 35000/500 
OAUr-2oUOOO/300 


|  rufijpiiTuue  pax^rpu, 

M4I 

© 

&) 

Alima 

niiipifiia 

KUCOTa 

rioAiiufi 
i*ec,  m 

— 

— 

__ 

70 

1 1 

10,5 

4  620 

4  750 

6  340 

64 

13 

5  380 

4  900 

7  910 

85 

13 

7  600 

5  730 

7  780 

126 

BC  —  1 4  (22) 

7  <300 

5  660 

7  340 

116 

mi  —  22  (i  i) 
at  -  « (a) 

13 

5  700 

4  900 

7  900 

94 

15 

5  700 

4  950 

7610 

96 

BC  —  1  -1  (23) 

6  300 

6320 

8000 

137 

lilt  —  23  ( 1  -1) 
Cll  ~  8  (8) 

— 

5000 

4  150 

7  700 

100 

— 

6  424 

3  6  SO 

8  250 

134 

13 

G  820 

5  200 

8  005 

112 

BC  —  22  (13,5) 
BU  —  13.5  (221 

7  940 

6  230 

82)5 

15) 

CH  —  8  (8) 

12 

7  700 

5  430 

7  400 

132 

BC  —  21  (13) 

BU  —  13  (21 J 

7  940 

6  230 

8  175 

156 

C7/-8  (8, 

12 

6900 

5500 

7  865 

130 

14 

7  750 

5  500 

8  000 

136 

BC  —  23  (1-1,5) 
BU—  14,5  (33) 

8  830 

6  335 

8  390 

163 

CH  —  7, 5  (7.5) 

— 

— 

— 

— 

— 

8  500 

4  350 

8  250 

200 

— 

10500 

6  900 

8  000 

260 

— 

— 

— 

— 

14 

— 

z 

— 

14 

— 

— 

— 

— 

— 

— 

— 

— 

_ 

1 4 

— 

— 

— 

_ 

12,4 

z 

— 

— 

— 

11,5 

10500 

5  000 

8  000 

12 

10  700 

6  250 

7  OOG 

12,7 

13  000 

6  800 

6500 

11.11 

12,6 

17000 

7  000 

8  000 

379 

— 

— 

_ _ 

_ _ 

— 

— 

— 

-via  ooo 

•n.450 

BC  —  13 

Bit  —  18,2 

11  27  0 

7610 

12015 

3;>5 

67/ —  5,2 

13 

10  880 

4  780 

II  900 

297 

— 

1 1  600 

5  100 

10700 

420 

13 

II  600 

6  400 

10500 

13 

11  600 

7  500 

11500 

_ , 

I 


l 
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Kef:  (1).  Type.  (2).  Overall  draensions,  na.  (3).  length.  (4).  width. 
(5).  height.  (6).  Gross  weight,  t.  (7).  Cost/value,  thousand  of  rub. 
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P—9.4.  Three-phase  double  wound  transformers  for  its  own  needs  of 
stations  and  substations. 


- 

lioMlOiW  1MUH-  lll-H 

i  v* — i 

1  -1WI3  M 

- 

I  I'tMIIMUlSmV  SMI  IIICP 

- ST - 

I  loMIIHSJIMISS 

li4ll(t-<JfcCtilli  ,  kt> 

|  M.  till  MoV 

’ll.  *  Ml 

iiaiipssicKMp.  a# 

MUiltllOCTI.,  A  S/1 

3.15,  0,3 

10 

-;v.*o 

5,5 

10,5;  13.8;  15,75 

ioooo 

10,5 

30 

-1  (ion 

5,5 

13.8 

15  000 

3.15,  ) 

01*1 1 

1  000 

6 

10.5;  13,8, 

30000 

ti,3;  10,5 

1  BOO  - 

3  300 

8 

1 5 , 75,  )  6,  JO 

10.5,  1 5 . 7.) 

5  lit  Hi 

8 

15,75;  13 

31  500 

10.5,  13.  8 

7  500 

10 

Key:  (1).  Nominal  high  voltage,  kV.  (2).  Nominal  power,  kVA. 


P-5.  Autotransformers  (according  to  data  of  Moscow  and  Zaporozhye 
transformer  plants.  Electroneat-plan  and  Leningrad  department  of 
Gidroenergoproyekt)  . 


O  0O-3O 
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/ 

P  AG£  &  j  tf'  4  ^ 


0) 

(j\ 

(3) 

%.  ornece Miioe  k 

mo m hoc Tii  oCuotkm  HU.  % 

r.fiapNTHU,  pa.MtpM, 

7fi\  ** 

m 

7 mi 

V 

«c 

06muT ok,  Mtu 

i.Oiid ,  AC 

/&) 

(9) 

2 

X 

on-cn 

bh-iih 

c//~//// 

aJiHiu 

ua 

eiwcoTa 

o 

C  S 

40000 

/  „ 

VT/  VTI 

32—38 

18-22 

5  250 

7  350 

86 

OATl'A— ,m 

40/40/20 

9—11 

6300 

46607 

9—12 

OiUTA-W 

47/80/80 

l3’8  T&vt 

14—16 

14-17 

— 

— 

— 

— 

53600 

I  121  /  242 

l5'75  iTTlTf 

6  600 

8  600 

160 

OilTI'A- — 22(j~ 

53.5/107/107 

13 

12 

16 

7  800 

60000 

J2L  /2J2  /  ,, 

*'f/,r,37  » 

VT  -y r 

20 

6  320 

Oil  IT  A-  220“ 

60/60/30 

10 

32 

6  300 

8  000 

132 

6  90CK) 

14—16 

9—12 

OJ.TTA-  22Q- 

69/138/138 

14—17 

— 

— 

60000 

22lj  1  110  1  n 

I'V/  /3/ 

5  500 

OXll' -A— 00Q- 

80/80/40 

10,5 

30 

23 

7  860 

7  570 

131 

90000 

500  /  110  / 

^  3  /  K  3  / 

V3  Vi 

12 

6  660 

50(f 

90/90/45 

20,4 

17,2 

10500 

10  400 

— 

1 20000 

6  335 

O/UTA-  2J0 

120/120/60 

10.1 

32 

20 

8  830 

8  690 

183 

120000 

220  /  121  / 

8.32 

OilTl'A  r^o 

30000 

T/lTl'A  —m 

120/120/60 

— r=^  —r={  38.5 
^3  /  y  3 / 

— 

-  *“~ 

— 

— 

30/30/15 

220/110/11 

9.3 

29.1 

18.8 

— 

— 

— 

90 

60000 

Til  l  FA- — .j.jy- 

60/60/30 

220/110/11 

8,9 

30,6 

19,4 

— 

— 

— 

155 

90000 

200 

UIIA-^r 

90/90/45 

220/110/11 

7.97 

27,31 

17.4 

— 

— 

— 

170000 

203 

MTI'A— 2ii0— 

120/120/60 

220/110/11 

10.55 

37.2 

23,5 

— 

— 

— 

160000 

wi'A-isr 

180/180/25 

150/1 10/11 

— 

— 

— 

II  500 

6  200 

6  645 

155 

Key:  (1).  Type.  (2).  Power  of  windings,  MVA.  (3).  Open-circuit 
voltage,  kV.  (4).  referred  to  power  of  winding  VN,  o/o.  (5).  Overall 
dimensions,  (6).  total  weijat,  t.  (7).  length.  (8).  width.  (9). 

height. 

P-6.  Scale  of  rated  currents. 
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For  electrical  apparatuses  ana  bushings  GOST  6827-54  is 
established/installed  the  following  scale  of  rated  currents:  1;  2.5; 


4;  6; 

10;  15;  25; 

40;  60;  100; 

150  (200);  by  250; 

300; 

400; 

600 

(800)  ; 

1000;  1500; 

2000;  2500; 

3000;  4000;  5000; 

6000; 

8000; 

10000; 

12000; 

15000  a. 

Notes:  1.  In  brackets  are  shown  the  values  of  currents,  not 
recoaaended  with  GOST  to  wide  application. 

2.  Scale  of  nominal  primary  currents  of  current  transformers  is 
given  in  note  1  to  Table  p-17. 
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P-7.  Fundamental  characteristics  of  reactors. 


P-7.1.  Reactors  concrete  with  copper  winding. 


On  t*i«-KT|N,. 

ANiMMUirctinil  pftKTt'pMJ'*' 

>vi.uVihi.<k  in 
(a Mii.iin  y.TiH’f  ci. >»o  .'non 
T  iasMint  )  wocTb  ff  Y f 

k‘°  ka-cr 


lt«  uoMititd.ii.Hoc  Mcnp*>KCHi»e  JO  arc 


0 

Thu  peaKTopa 


PB  1 0-1 50-3 

4 

5 

6 
8 

PBI0-20C-3 

4 

5 

6 
8 

PB  1 0-300-3 

4 

5 

6 
8 

PBI0-4O0-3 

4 

5 

6 
8 

PB 1 0-500-3 

4 

5 

6 
8 

PEI0-600-3 

4 

5 

6 
8 

10 

PB  1 0-75  0.5 
6 
8 

PB  1 0-1 000-6 
8 
10 

PB  1 0-1 500-6 
8 
10 

PB  10-2000-6 

8 

10 


HOMiuta.n-Hbjr 

IIUTCpil  na 
(Jijjy.  kim 


lira  kWh  j  .  xa 
paxTPpiiav  h- 
luaa  TfpMM  "- 
cKyio  ycr-'fi^ 

SNPOCTX  I  ftf  i 


DOC  =  79 


PAGE 


Mote.  In  a  designation  of  the  type  of  reactor  the  first  numeral 
indicates  its  nominal  vcitage  (JcVJ  ,  the  second  -  rated  current  (a), 
the  third  -  inductive  reactance  in  percentages  <*,,%>- 


Key:  (1).  To  nominal  voltage  6  itV.  (2).  Type  of  reactor.  (3).  Nominal 
losses  to  phase,  ki.  (4).  current  of  electrodynamic  stability 
(amplitude  value) .  (5) .  Value,  vhich  characterizes  thermal  resistance 
7t  >T,  kA.si/*. 
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P-7.2.  Reactors  concrete  with  aiuaj.ntii  winding. 


^ /J  III  NO \|ll  11.11  (.HOC  Mil 

l)»‘l  A  ♦•llllf  |i  il 

_  /j>  \ _ 

|  (2)  lil  HOMHIia.lLHOC  HanptllKClIN?  10  AT# 

iHU  JK*  A  K T Op  1 

||»viiHa  .Mi l.n* 

II  IH'I'II  K.l  I 
l|.J  4)  .  *  S  'l  | 

1  •»*  Vl'O  T JK*‘ 

\  v  t.  i  m 

(  *1  Ml!. lilt  V  .lilt'll* 
311.1  ‘lei. Ill* ) 

4,1 

!»«•  1.1  M Ilf  1.1 .  %  | 
l«  ik  i *•  ,-i :  * .  m* 
UlJ  A  1  M  •!  It 

I  K  t  ii  >  CT"  rill- 
U<|(  1L  If  )  i  . 

Jui  •  rev*  •  - 

© 

Tim  j*' an  tops 

Ql) 

lioMiiiia.ibHue 
no  re  pii  na 
4>a3>.  k§m 

~w — 

Tok  »7Tcktpo- 
An  i<a  MimecKnA 
ycTon’iiiaocrif 
(aMn.mrvAHor 
SHaieniie) 
i  make  *a 

Be*H<tifyfii.  xa- 
paKTepiiavio 
|  mas  reputin'- 
ck>io  ycTotwii- 
aocTk  If  Vj~, 

a accent  & 

PDA6  150- 1 

1  .til 

0,55 

8.25 

PEA  10150-4 

2.0 

9.55 

8.25 

5 

I  .5/5 

7.G5 

7.5 

5 

2,20 

7.G5 

7.5 

1> 

2, ll.i.l 

6.4 

0.75 

6 

2,56 

6.38 

6.75 

8 

2.216 

4,8 

G.O 

8 

3.0G9 

4.8 

6.0 

10 

2.  GO.' 

3.62 

G.O 

PEAG-'JOO  1 

1  ,  K)5 

12.75 

11.0 

PEA  10  200  4 

2,325 

10.2 

11.0 

5 

2 , 48 

10.2 

10,0 

5 

2,21 

10,2 

10.0 

G 

2.  GO 

8.5 

9.0 

G 

3.5G 

8,2 

9.0 

K 

3.2 

G.4 

8.0 

8 

3,77 

G.88 

8,0 

10 

3. 1.7 

5,1 

8,0 

PEAG-300  | 

2.42 

10 

14 

PEA  10-300  4 

3.65 

17.0 

14,5 

5 

2,72 

15 

15 

5 

3.22 

15,3 

15.0 

(l 

3.26 

12.8 

13.5 

6 

4,02 

12.8 

12,0 

8 

3.53 

0,5 

15 

8 

4.G97 

•  9.55 

12,0 

10 

4.402 

7.G5 

12 

PEAG-500  4 

3,175 

31 .9 

27.5 

PEA  10500-4 

4.44 

31.9 

27.5 

5 

3.2 

25.5 

25.0 

5 

5.48 

25.5 

25.0 

G 

4  .00 

21 .2 

22,5 

G 

5.9 

21,2 

22.5 

8 

4.405 

15,0 

20,0 

8 

7,645 

15.9 

20.0 

10 

5.44 

12,75 

20,0 

1’EAG  600-4 

3.172 

38.2 

33.0 

PEA  10  600-5 

5.325 

30,6 

30.0 

5 

3.0 

30.0 

30, G 

6 

7,93 

25,4 

27.0 

G 

4,45 

25.4 

28,2 

8 

8.85 

19.1 

24.0 

8 

G.G27 

19. 1 

24.0 

10 

10,0 

15.3 

24.0 

10 

7.37 

15,3 

24,0 

Key:  (1).  To  noainal  voltage  6  iv.  (2).  Type  of  reactor.  (3)  .  Nominal 
losses  to  phase,  kW.  (4).  Current  of  electrod ynaaic  stability 


(amplitude  value).  (5).  Value,  which  characterizes  thermal  resistance 

2^  v  t  ,  kA»s1/ 2 . 


P-8.  Dependence  of  time  of  losses  r  on  demand  time  by  maximum  load  T„nrf 
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P-9.  Fundamental  characteristics  ot  support  and  partition  insulators. 

_ ft  y 1,1  *tpttl<!C  |>U  I  (£')  il|K»IM  hu i*  ii.io.ixropw 

.  "  i — W  " 


(‘/V 

tHoMMita.m.itoc  I 

i — rs\~ 

1  *.* 3 r»y it 

& 
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Note.  Passage  busbar/tire  insulators  are  adapted  for  the 
flat/plane  busbars/tires,  comprised  of  1-4  strips  to  the  phase  (in 
packet)  of  the  following  sizes/diaensions: 


insulator  of  the  type  iPSh-1-10  -  60x6  -  60x8  mm  inclusively; 
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insulators  of  types  IPSh-11-lo  and  PShD-20  -  60x8  -  80x10  mm 
inclusively; 

insulator  of  the  type  IPSh-Sh-l)  -  80x10  -  100x10  mm 
inclusively. 

Key:  (1).  Stand-off  insulators.  (2).  Bushings.  (3).  Type.  (4). 
Nominal  voltage,  kV.  (5).  Destructive  mechanical  bending  load,  kgf. 
(6)  .  Rated  current,  a.  (7)  .  For  internal  installation.  (8)  .  For 
external  installation.  (9).  See  note.  (10).  Then.  (11).  Linear 
conclusions/derivations.  (12).  column  of  12  insulators. 

P-10.  Long  let-go  currents  of  load  on  naked  busbars/tires  and 
wires/conductors  with  alternating  current  50  Bz,  at  permissible 
heating  temperature  by  70aC  and  at  temperature  of  air  of  25°C. 

P-10.1.  Busbars/tires  copper  and  aluminum  rectangular  cross  sections 
painted. 
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Note.  Let-go  currents  are  given  for  the  horizontal  padding  of 
basbars/tires  with  the  agreeaent  of  the  large  face  of  strip  with 
vertical  plane.  Kith  the  horizontal  padding  of  busbars/tires  and  the 
agreeaent  of  the  large  face  of  strip  with  horizontal  plane  let-go 
currents  should  be  decreased  by  5o/o  for  strips  in  width  to  60  mn 
inclusively  and  by  8o/c  for  the  strips  of  larger  width. 
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Key:  (1).  Sizes/dinensions  of  ousoars/tires,  ran.  (2).  Section  of  one 
strip,  ■  ■*.  (3).  Height  of  1  ■  of  one  strip,  kg.  (4).  Let-go 
currents,  a.  (5).  strip-  (6).  strip.  (7).  copper.  (8).  Aluninus. 
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P-10.2.  Busbars/tires  steel  of  rectangular  cross  section  painted. 
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Note.  See  the  note  to  Taole  P-10.1. 


Key:  (1)«  Sizes/dimensions  ot  ousbars/tires,  mm.  (2).  Section  of 
strip,  as*.  (3).  Height  of  1  a  of  strip,  kg.  (4).  Let-go  currents,  a. 


P-10.3.  Busbars/tires  copper,  aiuainui  and  steel  round  and  ribbed 
sections  painted. 
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Keys  (1).  Busbars/tires  are  circular.  (2).  Copper  pipes.  (3).  Pipes 
(aluninua.  (4).  Pipes  (steei.  (5).  Let-go  currents,  a.  (6).  Diameters 
of  pipes,  aa.  (7).  Diameter,  tarn,  (d)  .  Copper.  (9).  Aluminum.  (10). 
Internal  and  outside  diaaeters,  aa.  (11).  Let-go  currents,  a.  (12). 
internal,  inches.  (13).  external,  an.  (14).  Let-go  currents  to  pipes 
without  size/diaension ,  a. 


FOOTHOTE  *.  For  pipes  with  longitudinal  section.  ENDFOOTNOTE. 
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P-10.4.  Busbars/tires  copper  and  aluninua  box  sections  painted  [3-6 


and  10-3}. 
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Sizes/dimensions,  aa.  (2).  Section  of  one  busbar/tire,  an*. 


(3).  Hoduli  of  section,  ca1.  (4).  Let-go  currents  to  two 


busbars/tires,  a.  (5).  one  ousbar/tire.  (6).  two  joined  busbars/tires 
relative  to  axis.  (7).  relative  to  axis.  (8).  copper.  (9).  aluninua. 


P-10.5.  Wires/conductors  naked  copper,  aluninua,  steel-aluainun  and 
steel  with  padding  outdoors. 
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Kay:  (1).  Copper.  (2).  Aluainua.  (3).  Steel-a luainun.  (4).  steel 
(5).  staap  of  wire/conductor,  (o) .  Outside  dianeter  of 
wire/conductor,  an.  (7).  Let-jo  currents,  a. 


DOC  =  79 


PAG£ 


Pag*  394. 


P-11.  Long  let-go  currents  of  load  on  power  cables. 


P-11.1.  Cables  to  voltages  1-10  kv  with  copper  and  aluminum 
vains/strands  with  paper  impregnated  insulation  in  lead  or  aluminum 
shell,  laid  in  it  swooned  at  temperature  of  soil  of  15°C. 
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Rotes:  1.  In  numerator  are  shown  the  let-go  currents  the  cables 
with  copper  veins/strands,  while  in  denominator  -  to  cables  with 
aluminum  veins/strands. 
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2.  Let-go  currents  for  single-core  cables  are  given  for  their 
work  on  direct  current. 


Key:  (1).  Let-go  currents,  a.  (2).  Nominal  section  of  vein/strand, 
(3).  Single-core  cables  1  mV.  (4).  Two-core  cables  1  kV.  (5). 
Three-strand  belted  cables.  (t>) .  Four-wire  cables  1  kV.  (7).  to  3  kV. 
(8)  .  k¥.  (9)  .  Maximum  permissible  temperature  of  cable  core,  °C. 


P-11.2.  Cables  to  voltages  1-10  kV  with  copper  and  aluminum 
veins/strands  with  paper  impregnated  isolation  in  lead  or  aluminum 
shell,  laid  in  open  air  at  temperature  of  air  of  25°c. 


to 

ft 

s 

X 

ft 

9 

ft 

V 

& 

(fi)  AonychrfcMNe  tokm.  a 

I 

* 

•^o 

,  f  a; 

*1  X 

T pc  x  j«\  *i .  i  i.i 1 1 jo  k  a  oo.i  H 
c  iiomciioiI  u.toTimuioil 

Wrrtiipcx* 

TKII.IbMKie 

k  a  6c  ji  H 
t  VC 

15V 

no  3  *  « 

- 

(Si) 

10  re 

f.  a 

MaKtHM  ji.ilm 

»x  AunyCkdf  m.im  iCMIlcp 

nypa  mii.iij  kiiOc.id.  *C 

X  X 

Mr  | 

U  Q[ 

60- 

no* 

w 

1.5 

30 

25 

18/— 

2.5 

40 

30 

28/22 

— 

— 

25/- 

4 

55 

40 

37/29 

... 

— 

35/— 

G 

75 

1)0 

40  'ti> 

— 

45/35 

IQ 

95 

75 

GU/lo 

55/13 

50/39 

GO/45 

IG 

120 

95 

80/GO 

65/50 

80/00 

25 

IG0 

130 

105/80 

90/70 

85/65 

100/75 

35 

200 

150 

125/95 

110/85 

105/80 

120/95 

50 

245 

185 

155/120 

145/110 

135/105 

143/1 10 

70 

305 

225 

200/155 

175/135 

105/ 130 

185/140 

95 

360 

275 

245/190 

215/1 05 

200/155 

215/105 

120 

415 

320 

285/220 

250/190 

240/185 

200/ — 

150 

470 

375 

330/255 

290/225 

270/2 10 

300/— 

185 

525 

— 

375/290 

325/250 

305/235 

340/  — 

2-10 

610 

— 

430/330 

375/290 

350/270 

— 

300 

720 

— 

— 

— 

- - 

— 

400 

880 

— 

— 

— 

— 

500 

1  020 

— 

_ 

— 

— 

— 

025 

1  180 

— 

— 

— 

— 

— 

BOO 

1  400 

— 

— 

— 

— 

— 

DOC  =  79 


PAGE 


Note.  See  the  notes  to  "£able  P-11.1. 

Key:  (1).  Noainal  section  of  vein/strand,  an2.  (2).  Let-go  currents, 
a.  (3).  Single-core  cables  1  (4).  Two-core  cables  1  kV.  (5). 

Three-strand  belted  cables.  (6).  Four-wire  cables  1  kV.  (7).  to  3  kV. 
(8).  kf.  (9).  Haxiaua  peraissible  temperature  of  cable  core,  °C. 

P-11.3,  cables  to  voltages  20  and  35  kV  with  separately  lead-coated 
copper  veins/strands  witn  paper  impregnated  isolation,  laid  in 
earth/ground  at  temperature  of  soil  of  1 5°C  and  in  open  air  at 
teaperature  of  air  of  25°C. 
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50 
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— 
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240 

180 

235 

180 
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275 

205 
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205 

150 

315 

230 

310 

230 

185 

355 

265 

— 

265 

Key:  (1).  Noainal  section  of  vein/strand,  ran*.  (2).  Let-go  currents, 
a.  (3).  Triple-cores  cable.  (4).  *¥.  (5).  Naxiaua  peraissible 
teaperature  of  vein/strand  of  50°c.  (6).  in  earth/ground.  (7).  in 


air 
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Cables  to  voltage  1  AY  witn  paper  impregnated  isolation  in 
laminar  polyvinylchloride  snell  (brands  VMB,  VMBG,  AVHB,  AVMBG),  laid 
in  earth/grou  v>  >t  temperature  of  15°C  and  in  open  air  at  temperature 
of  25  ®C. 
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85 

80 
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135  130 
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100 

JO 

205 

175 

160 

170  155 

130 

120 

Key:  (1).  nominal  section  or  vein/strand,  mm*.  (2).  Let-go  currents, 
a.  (3).  Cables.  (4).  with  copper  veins/strands.  (5).  with  aluminum 
veins/strands.  (6).  three-strand.  (7).  four-vein.  (8).  Maximun 
permissible  temperature  of  vein/strand  of  60°C.  (9) .  in  earth/ground. 
(10).  in  air. 

P~11«5.  Correction  factors  to  number  of  working  cables,  which  lie  by 
row  at  earth/ground. 
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Mne.no  na6e.iefl 

• 

2 

3 

4 

6 

1 

° 

Aan  iiaccTOMtiiu  »  caery  100  mu 

, 

0.9  | 

o.ar» 

0.8 

0,78 

0,78 

To  KC  2H0 

1 

0.92 

0.87 

0.84  i 

0.82 

0,81 

To  me  300 

1 

0.93  | 

3.9 

0,87  | 

0,86 

o.tft 

Note.  During  the  deter aination  of  permissible  design  loads  in  a 
nuaber  of  those  lying  by  set  or  caoles  are  not  considered  reserve 

cables. 


Key:  (1).  Nuaber  of  cables.  (2).  For  clearance  100  mm.  (3).  Then  200 

na. 


P-11.6.  Correction  factors  to  teaperature  of  earth/ground  and  air  for 
deteraining  let-go  currents  of  loads  on  power  cables,  busbars/tires 
and  naked  and  insulated  wires. 
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Key:  (1)  .  Haxinua  teaperature  of  aedium,  °C.  (2).  Specified 

teaperature  of  conductors,  ®C.  (3) .  Correction  factors  at  actual 
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temperature  of  medium,  °c. 


P-11.7.  Sizes/diaensions  of  end  fittings  of  power  cables  from  epoxy 
trowelling  coepound  [11-1]. 
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Key:  (1).  Type  of  closing.  (2).  Section  of  strands  of  cable,  mm2,  for 
noeifcal  voltages.  (3).  Sizes/dimensions  of  closings,  mm  (Pig.  11-2). 
(4)  .  a1  is  not  less. 


POOTHOTE  *.  For  obtaining  sufficient  airtightness  of  closing  the 
size/dimension  of  "a"  (value  of  the  overlap  by  the  closing  of  lead 
covering)  must  strictly  fca  observed.  ENDFOOTNOTE. 


(5)  .  kV. 


P-12.  Fundamental  characteristics  of  safety  fuses  by  voltage  are 


above  1000  v 
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Key:  (1).  Type.  (2).  Nominal  voltage,  kV.  (3).  Rated  current,  a.  (4) 
Limiting  current  of  ci. tcff/disconnection  1 ,  kA. 


FOOTNOTE  *.  Symmetrical  (periodic)  component  of  short-circuit 
current,  endfootnote. 

(5).  Power  safety  devices/fuses.  (6).  a)  for  internal  installation. 
(7).  b)  for  external  installation.  (8).  fuses  to  voltage 
transformers.  (8a).  and.  (9).  it  is  not  normalized.  (10).  It  is  not 
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+  . 1 11 

limited.  (11).  Then. 


FOOTNOTE  *.  It  is  adapted  only  with  the  current-liaiting  additional 
resistance  of  the  type  sdn-35.  EilDFOOTNOTE. 
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P- 1 3. 


Fundamental  characteristics  of  disconnector  switches. 
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Continuation  Table  P-13. 
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Notes: 


1.  Disconnector  switcnes  of  tne  type  RV0  -  unipolar. 


2.  Disconnector  switches  of  type  RV  -  tripolar,  on  six  support 
insulators.  Disconnector  switches  of  the  type  RVP  are  nanufactured  on 
three  supporting  and  three  Pushings  (passage  can  be  provided  fron  any 
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side  of  knives)  or  on  six  oushings  (F  -  figured  performance  of 
disconnector  switch) .  Disconnector  switches  of  the  type  RVZ  have 
knives  of  the  groundings  which  can  be  established/installed  f row  any 
side  of  the  working  knives;  for  management  are  used  two  drives  of  the 
type  PH-2:  one  for  workers,  and  by  the  second  for  the  grounding 
knives. 

3.  Disconnector  switches  of  types  RLVIII  and  RVK  are 
aanufactured  only  on  stand-off  insulators  and  of  grounding  knives 
they  do  not  have. 

4.  Table  gives  values  of  currents  of  electrodynaaic  stability  of 
disconnector  switches  cf  type  fat VK  when  distance  a  between  axes  of 
adjacent  poles  of  disconnector  switch  and  distance  1  between  axes  of 
stand-off  insulator  of  disconnector  switch  and  nearest  to  it 
stand-off  insulator  of  busbar/tire  comprise:  for  disconnector 
switches  of  types  RVK-10/J000  and  10/4000  a=500  and  £=500  an,  for 
disconnector  switch  of  type  HVK-10/5000  a=600  am  and  £=550  an,  for 
disconnector  switches  of  types  HVK-20/5000,  20/6000  and  20/7000  a=700 
■a,  7  =850  aa.  At  smaller  values  of  a  and  high  values  7  the  strength 
of  current  of  the  electrody naaic  stability  of  disconnector  switch 
descends.  The  corresponding  data  are  given  in  catalogues  or 
information  materials  of  plants. 
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5.  Disconnector  switches  of  types  RLND,  RON  and  RLNO  of 
grounding  knives  do  not  have.  The  disconnector  switches  of  types 
RLND1  have  the  grounding  knives  only  froa  one  side  (any)  of  working 
knives,  while  those  of  types  BLND2  -  from  two  sides  of  working 
knives.  The  disconnector  switches  of  types  RONZ  and  RND-500  have 
knives  of  grounding  either  with  one  (any),  or  froa  two  sides  of 
working  knives.  The  disconnector  switches  of  the  types  RLNZ-154  and 
RLNZ-220W  have  grounding  knives  only  d  of  one  (any)  side  of  working 
knives. 

6.  Disconnector  swxtcnes  or  types  RLND  (1,  2) -35  during  use  for 
cutof f/disconnection  of  running-light  currents  of  power  transforaers 
in  power  to  20  NVA  (see  Cuapter  In)  one  should  install  with  distance 
between  phases  (poles)  not  less  than  2  a  (instead  of  1. 2  a  in 
presence  in  circuit  of  switch) .  During  vertical  installation  these 
disconnector  switches  can  disconnect  the  running-light  current  of 
transforaers  whose  power  is  not  aore  than  3.2  NVA  (information 
coaaunication/report  of  the  fiiectroheat- plan  of  2  February,  1959,  No 
11E) . 


The  disconnector  switches  of  types  RLND  (1,2) -110  during  use  for 
the  cutof f/disconnection  or  the  running-light  currents  of  power 
transforaers  in  power  to  31.5  NVA  (see  Chapter  16)  during  horizontal 
installation  aust  have  a  distance  oetween  phases  (poles)  not  less 
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than  3  a  (instead  of  2-2.5  a  in  the  presence  in  circuit  of  switch). 

7.  Drives  of  disconnector  switches  of  types  PR,  PRN,  PRNZ  - 
annual  lever;  types  PCh  and  PChtl  -  aanual  worn;  type  HRV  - 
electric-aotor  for  internal  installation;  type  PDN  -  electric-motor 
for  external  installation. 

8.  Drive  of  separator  of  type  ShPO  is  intended  for  automatic 
cutoff/disconnection  of  separator  and  its  manual  start;  this  drive  is 
designed  on  basis  of  cargo  drive  of  type  PG-10. 


9.  Drive  shorting  devices  of  type  ShPK  serves  for  aanual 

cutof f/disconnection  of  shorting  device  and  for  automatic  breaking  as 
its  spring  mechanism  from  relaying;  spring  aechanism  is  started  with 
aanual  cutoff /disconnection  of  shorting  device. 

10.  Ground  electrodes  are  let  out  in  two  versions:  a)  for 


grounding  of  neutral  particles  of  power  transformers,  which  have  in 
neutral  particle  current  transforaer  for  protection  froa  single-phase 
short  circuits,  and  b)  for  grounding  of  neutral  particles  of 
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transf oraers  without  inclusion  into  neutral  particle  of  current 
transformer,  and  also  for  grounding  of  busbars/tires  of  open 
distributors. 

Key:  (1).  Type  of  disconnector  switch.  (2).  Nominal  voltage,  k¥.  (3). 
Rated  current,  a.  (4).  current  of  electrod ynanic  stability  (aaplitude 
value)  < /wj/dc!  t  kA.  (5).  current  of  thermal  resistance,  ten-second  Il0, 
k  1.  (6).  Type  of  drive.  (7).  For  internal  installation.  (8).  and. 

(9).  Nanagement  of  rod.  (10).  For  external  installation.  (11). 

Horking  knives.  (12).  Knives  of  grounding.  (13).  Electric- motor  drive 
to  each  phase.  (14).  Separators  (tripolar.  (15).  Ground  electrode 
(unipolar.  (16).  current  single-phase  short  circuit  during  10  s. 

(17).  Shorting  devices.  (18).  Current  of  closing/shorting  (amplitude 
value) ,  kA.  (19).  Current  of  thermal  resistance,  two-second  12,  kA. 
(20).  double-pole.  (21).  unipolar. 
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P-14.  Fundamental  characteristics  of  high-voltage  switches. 


P-14.1.  Switches  for  internal  installation  to  nominal  voltages  to  35 
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if 

n 

thermal  resistance,  ten-second  X2Q.  (7).  Current  of 
cutoff/disconnection  as  with  voltage,  kV .  (8).  Power 

cotoff/disconnection  MVA,  with  voltage,  kv.  (9).  Type  of  drive.  (10). 
weight,  k.  (11).  bev  of  oil.  (12).  oil.  (13).  and.  (14).  Then.  (15). 
Air  aanageaent. 


FOOTNOTE  *.  With  voltage  6.6  kV. 

The  nechanical  stability  of  these  switches,  as  earlier  of  let 
oat  switches  of  types  MGG-229,  MGG-29  and  other  siailar 
constructions/dasigns,  in  essence  is  ensured  by  the  mechanical 
strength  of  the  busbars/tires,  connected  up  switch.  Therefore 
independent  of  the  value  of  the  operating  current  of  circuit  it  is 
necessary  to  provide  for  the  intensive  construction/design  of 
busbars/tires  in  the  cells  of  these  switches  (to  use  multiband  or  box 
bosbars/tires  on  the  dual  insulators  of  types  (OND-10  and  OMD-20  or 
OD-10  and  OD-20) ,  being  guided  oy  rollowing  materials  of  the 
Electroheat-plan:  by  directive  indications  No  1112-3  of  April  1956  by 
the  information  communication/report  No  of  April  1958. 


3.  Pneumatic  drive 
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P-14.2.  Switches  for  external  installation. 
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Key:  (1).  Type  of  switch.  (2).  nominal  voltage,  kT.  (3).  Maximum  are 
working  voltage,  kV.  (4) .  hated  current,  a.  (5) .  Current  of 
elect  rod  yna  mi  c  stability  (amplitude  value)  7  0VK(1  k  A.  (6).  Current  of 
thermal  resistance,  ten-second  l10,  kA.  (7).  current  of 


cutof f/disconnection ,  kA,  with  voltage,  kV.  (8).  Power  of 
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cutof f/disconnection ,  HVA,  vita  voltage,  kV.  (9).  Type  of  drive. 
(10).  Height,  kg.  (11).  without  oil.  (12).  oil.  (13).  Air  control. 


POOTHOTE  *.  One-second  current.  EhDFOOTNOTE. 
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P-15.  FuQdaaeatal  characteristics  of  switches  of  load. 
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Rote.  Switches  of  types  GNP-16  and  GMP-17  are  executed  on 
overall  fraae  with  safety  devicas/ruses  of  the  type  PK.  A  switch  of 
the  type  GNP-17  has  a  de vice/equipment,  which  a utomatically 
disconnects  it  with  burnout  by  melting  the  insert  of  any  of  three 
safety  devices/fuses;  it  is  adapted  with  the  drives  of  types  PHA-17 
and  PS-10H. 


Key:  (1)  .  Type  switches.  (2).  Nominal  voltage,  kV.  (3).  Rated 
current,  a.  (4).  Limiting  current  of  cut  of f /disconnection  (load),  a. 

(5) .  Current  of  electrodynamic  stability  (amplitude  value)  *A. 

(6) .  Current  of  thermal  resistance,  ten-second  I,„,  kA.  (7).  Type  of 
drive.  (8).  Height  of  switch,  kg. 

P-16.  Fundamental  characteristics  of  electromagnetic  actuators  to 


switches 
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Note.  Process/operations  by  electromagnetic  actuators  are 
permitted  when  the  conductaa/suppried  to  drive  voltage  of  the  source 
of  direct  currant  is  located  within  the  limits:  for  clutch  magnets 
8O-IIO0/0,  and  for  disconnecting  electromagnets  65-120o/o  of  nominal 


voltage  of  drive. 


Key:  (1).  Switch.  (2).  Steady  currents,  consumed  by  drives,  a.  (3). 
Type.  (4).  Hated  current,  a.  (S).  Type  of  drive.  (6).  Start  with 
noeinal  voltage.  (7) .  Cutof f/disconnection  with  nominal  voltage.  (8) . 
In.  (9) .  and. 
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P-17.  Fundamental  characteristics  of  transforaers  of  current  with 
voltage  above  1000  V. 
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1.  Foe  current  transforaers  of  internal  installation  are  given 
the  characteristics  only  of  measuring  cores. 

2.  Scale  of  noainal  priaary  currents  for  current  transformers: 

5;  10;  15;  20;  30;  40;  50;  75;  100;  150;  200;  300;  400;  500;  600; 

750;  800;  1000;  1200;  1500;  2000;  J000;  4000;  5000;  6000;  8000; 

10000;  12000;  15000  a.  The  separate  types  of  transforaers  of  current 
are  aanufactured  to  the  corresponding  rated  currents  in  the  liaits« 
indicated  in  table. 

3.  For  current  transforaers  of  types  TPF  and  TPFU  electrody naaic 
stability  is  shown  for  all  transforaers  with  priaary  current  20a  and 
aore.  Current  transforaers  to  noainal  currents  below  20A  have  smaller 
electrody naaic  stability. 

4.  Por  current  transforaers  of  type  TPF  and  TPFU  efforts/forces 
to  outputs  of  priaary  windings  aust  not  exceed: 

for  transforaers  witn  one  core:  150  kgf  froa  the  side  L*  and  140 
kgf  froa  the  side  L2; 


for  transforaers  with  two  cores;  150  kgf  froa  the  side  Lt  and  75 
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kgf  fro*  the  side  L2. 

5.  For  current  transforaers  of  type  TPOF  and  type  TPOFO  data  of 

dynaaic  stability  are  real  with  distance  between  phases  a=40  cn  and 
with  distance  of  nearest  stand-off  insulator  t* 50  cn.  With  the 
distance  between  phases,  different  fron  40  ca,  dynaaic  stability 
changes  in  relation  <  with  distance  of  the  nearest  stand-off 

insulator  X  -20  ca  dynaaic  stability  rises  by  15o/o,  with  £=100  c*  - 
dynaaic  stability  decreases  ny  ZQo/o. 

6.  Peraissible  ef forts/forces  to  heads  of  insulators: 

current  transforaers  of  type  TPShFAIO  froa  the  side  L,  of  900 
kgf  and  fron  the  side  l2  of  425  kgf; 

current  transforaers  of  type  TPShFA2Q  froa  the  side  L»  of  650 
kgf  and  froa  the  side  l2  of  400  kgf; 

current  transforaers  of  type  TPShF20  fron  the  side  Lj  of  700  kgf 
and  froa  the  side  L2  of  400  kgf. 

7.  Theraal  resistance  of  busoar/tire  current  transforaers  is 
deterained  by  stability  of  busbars/tires,  passing  through 
transforaer.  The  indicated  in  table  one-second  theraal  resistance 
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(multiplicity)  is  related  on  secondary  winding  of  current 
transformers  of  this  type. 

8.  Effort/force  on  output  of  primary  winding  aust  not  exceed. 

for  current  transforaers  of  types  tkl,  tklo,  tpl  and  gplo  of  13 

kgf; 


for  current  transforaers  of  the  type  TPOL  of  150  kgf. 

Key:  (1).  Type.  (2).  Koainal  voltage,  AY.  (3).  Nominal  primary 
current,  a.  (4) .  Classes  of  precision  of  cores.  (5) .  Electrodynaaic 
stability  (multiplicity) .  (t>) .  Thermal  resistance  (one-second 
multiplicity) .  (7).  characteristics  of  cores.  (8).  class  of  core. 

(9).  Power  of  cores,  YA,  witn  classes  of  precision.  (10).  Note.  (11). 
For  internal  installation.  (12).  See  note  1.  (13).  see  notes  by  2,  3 
and  4.  (14).  Then.  (15).  For  external  installation. 
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P-18.  Fundamental  ch ar ac tec i sties  of  voltage  transformers. 
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Votes:  1.  Asterisk  (*)  noted  voltage  transformers  for  external 
Installation. 


2.  Voltage  transformer  of  type  ZNON-35-54  is  intended  for 
networks/grids  by  voltage  15  kv ,  of  workers  with  ungrounded  neutral 
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particles  or  with  neutral  particles,  grounded  through  arc-suppressing 
coils:  can  be  used  for  inspection  states  of  insulation  of  phases  with 
respect  to  earth/ground  and  simultaneously  for  nourishment  of  any 
measuring  meters,  switching  on  wattmeter  and  counters  (54  -  year  of 
development  of  construction/design). 

Key:  (1).  Type  of  voltage  transrormer.  (2).  Nominal  transformation 
ratio,  V/V.  (3).  Nominal  power  (VA)  with  classes  of  precision.  (4). 
Maximum  power,  VA.  (5).  Type  of  voltage  transformer.  (6).  Nominal 
transformation  ratio,  V/V.  (7).  Nominal  power  (VA)  with  classes  of 
precision.  (8).  Maximum  power,  VA.  (9).  Single-phase  transformers 
with  ventilation.  (10).  Three-phase  oil  transformers.  (11). 
Three-phase  transformers  with  ventilation.  (12).  single-phase  oil 
transformers.  (13).  five-rod.  (14).  cascade. 


P-19.  Characteristics  of  shield  electric  measuring  instruments 
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1.  In  the  table  are  included  electric  measuring  instruments, 
installed  on  panels  and  control  panels  of  plant  "Elektropul' t". 


2.  Instruments  of  types  E/}-2,  EV-2,  FDVA-2,  FDVR-2  and  FDVAR-2 


manufactures  plant  "Elektropul* t 
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3.  Table  shows  approximate  power  coefficients,  consumed  by  coils 
of  instruments. 

4.  Voltaapere  aeters  reactive/jet  of  type  FDVR-2  and  phase 
Mters  of  type  D342  have  tnree  branch  circuits,  connected  into  star. 

Key:  (1).  Naae  of  instruaent.  (2).  Type  of  instruaent.  (3).  Systea  of 
instrument.  (4).  Required  power,  VA.  (5).  Note.  (6).  Ammeter.  (7). 
Electromagnetic.  (9).  Voltaeter.  (9).  Then.  (10).  Hattaeter.  (11). 
Voltaapere  aeter  (reactive/jeti  (12).  Perrodynaaic.  (13).  Parallel. 

(14) .  Hattaeter  -  voltaapere  aeter  reactive/ jet  (with  switching). 

(15) .  Sequential.  (16).  Phase  aeter.  (17).  Then.  (18).  Counter  for 

three-wire  networks/grids  (two-eleaent)  .  (19).  Induction.  (20). 

Counter  for  four-wire  networ ks/gnds  (tri-element) .  (21) .  Counter  of 
volt-anpere-hours  reactive/jet  for  three-  and  four-wire 
networks/grids.  (22).  Phase.  (2  3).  Frequency  meter.  (24).  Aaaeter, 
which  auto/self- flows) recording) .  (25).  Then,  but  with  acceleration 
with  emergencies.  (26).  Detector  with  aa gnetoelectric  gauge.  (27). 
Voltaeter,  which  records.  (28).  Frequency  meter,  which  records.  (29). 
Hattaeter,  which  records.  (30).  Voltaapere  meter  reactive/jet 
recording.  (31).  Coil,  connected  to  network.  (32).  Synchroscope. 

(33).  Coil,  connected  to  synchronized  generator. 
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